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tfgTHOD flT aailBfl ft » »M™*IKO HEPATITIS B V1*V9 

r^VPPMMBWT RIGHTS 

This invention was mads with Unitsd Statss covernmsnt 
support undsr Grant CA-44358 froa ths National cancar 
instituts (NIH) . Accordingly, ths Unitsd Statss Government 
has csrtain rights in this invsntion. 

fflft fi fi.pgmffi ^g to BgTATFn APPLICATIONS 
This is a continuation-in-part application of 
application Ssrial No. 07/783,545, filsd on October 51, 
199 which in turn is a continuation-in-part application of 
ssrial No. 07/718,806, filsd Juns 21, 1991, which in turn is 
a continuation-in-part application of application Ssrial No. 
07/686,617, filsd April 17, 1991, now abandonsd. 

ainrSBOPMP f>P the INVENTION 

v<m\* a* ths Tnvsntion 

Ths prsssnt invsntion concsms (-^3 , -thia-2 , 3 
didsoxycytidins and <-)5-fluoro-3«-thia-2' ,3'- 
didsoxycytidins, a mathod for prsparing ths sans and ths uss 
of ths sans or (±) 3 '-thia-2' ,3 •-didsoxycytidins or (±)5- 
fluoro-S'-thia^*, 3 '-didsoxycytidins in a msthod for 
trsating patisnts having hspatitis B virus or to prsvsnt 
hspatitis B virus infsction. 



Ths prsssnt invsntion also rslatss to dioxolans- 
cytosins and particularly (-)-L-fl-dioxolans-cytosins and its 
uss in a nsthod for trsating patisnts having hspatitis B 
virus or to prsvsnt hspatitis B virus infsction. 



WO 92/18517 



PCT/US92/03144 



-2- 

Backcround Tnfnr^.H^ 

Hepatitis B virus (HBV) causes acute or chronic 
hepatitis which affects nearly 300 million people worldwide 
(Ayoola, E.A. , Balayan. M.S. , Deinhardt, P. Gust, I. 
Kureshi, A.W. , Maynard, J.E., Nayak, N.C., Bordley, D.W., 
Ferguson, M. Melniclc, J., Purcell, R.H. and Zuckerman, A.J., 
Bull. World Health. Ore.. 66: 443-455, 1988). Chronic 
infection with HBV has been associated with a high risk for 
the developaent of primary hepatocellular carcinoma 
(Beasley, R.P., Hwang, L.V., Lin,, C.C., and Chien, C.S., 
"Hepatocellular Carcinoma and Hepatitis B virus," Lancet ii: 
1129-1133, 1981; Di Bisceglei, A.M., Rustgi, V.K., 
Hoofnagle, J.H., Dusheik, G.M., and Lotze, M.T., 
"Hepatocellular Carcinoma," Ann, intern. Med. 10 8: 390-401, 
1988). 

Effective antiviral therapy against HBV infection has 
not been fully developed. It has been hampered by the 
extremely narrow host range and limited access to 
experimental culture systems. Lately, Hepadnaviruses have 
been propagated in tissue culture (Sureau, C. , 
Romet-Lomonne, J.L., Mull ins, J.I., and Essex, M. , 
"Production of Hepatitis B Virus by a Differentiated Human 
Hepatoma Cell Line after Tranfection with Cloned Circular 
HBV DMA," cell 47:37-47; 1986; Chang, C, Jeng, K.S., Bu, 
CP., Lo, S.J., Su, T.S., Ting, L.P., Chou, C.K. , Han, S.H., 
Pfaff, E. , Salfeld, J., and Schaller, H. , "Production of 
Hepatitis B Virus in Vitro by Transient Expression of Cloned 
HBV DMA in a Hepatoma Cell Line," embq j . 6: 675-680, 1987; 
Tsurimoto, T. , Fujiyama, A., and Mataubara, X., "Stable 
Expression and Replication of Hepatitis B Virus Genome in an 
Integrated State in a Human Hepatoma Cell Line Transfected 
with the Cloned Viral DNA," ptoc Natl. Acad, set, psa. 84: 
444-448, 1987; and Sells, M.A., Chen, M.L. , and Acs, G., 
"Production of Hepatitis B Virus Particles in 
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Hep G2 Cells Transf acted with Cloned Hepatitis B Virus DNA," 
p rf»e. Natl. Set. IIS A . 84: 1005-1009, 1987, making it 
possible to study various aspects of the viral life cycle 
and screening for antiviral drugs. 

Hepadnavirusea replicate through a ribonucleic acid 
(RNA) template that requires reverse transcriptase activity 
(Ganem, D. , and Varmus, H.E., "The Molecular biology of the 
hepatitis B viruses," frnib Bioehen. 56: 651-693, 1987). 

The rationale for a chemotherapeutic treatment for hepatitis 
B is the inhibition of the viral DNA polymerase. HBV DNA 
polymerase has a common evolutionary origin with the reverse 
transcriptase from retroviruses (Killer, R.H., and Robinson, 
w.S., "Common Evolutionary origin of Hepatitis B Virus and 
Retroviruses," Natl, sei. psx. 83: 2531-2535, 

1986) . 

Inhibitors for reverse transcriptase of oncogenic RNA 
viruses suppress the polymerase from HBV (Natthes, E. , 
Langen, P., von Janta-Lipinski, M. , will, H. Schroder, H.C., 
Mart, H., Weiler, B.E., and Muller, W.E.G., "Potent 
inhibition of Hepatitis B Virus Production in Vitro by 
Modified pyrimidlne Nucleosides," iw*li»igroh<a1 Aoents and 
opotherapy . 34: 1986-1990, 1990? Lee, B. , LUO, W. , SU2Uk, 
S., Robins. M. J., and Tyrrell, D.L.J. , "In Vitro and in 
Vivo comparison of the Abilities of Purine and Pyrimidine 
2 , ,3 , -Dideoxynucleosides to Inhibit Duck Hepadnavirus," 

4 microbial Xaents and ChftmotharaHV. 33: 336- 339, 1989). 
Several 2 , 3 , -dideoxynucleoside analogs have been used as 
potential antiretroviral agents. 2 • 3-Dideoxycytidine (ddC) 
has been shown to be the most potent inhibitor of HIV 
replication in cell culture (Mitsuya, H. , Yarchoan, R., and 
Broder, S., "Molecular Targets for AIDS Therapy," SsitDSA. 
249: 1533-1544, 1990). ddC was also shown to have potent 
antiviral activity against duck hepatitis B virus both in 
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vitro (Lee, B., Luo, W. , Suzuk, S., Robins, N. J., and 
Tyrrall, D.L.J., "In Vitro and in Vivo Comparison of the 
Abilities of Purine and Pyriaidine 2 , ,3 , -dideoxynucleosides 
to Inhibit Duck Hepadnavirus , " Antimicrobial Aoanta and 
Chanotharapv. 33: 336-339, 1989) and in vitro (Kaasianidas, 
L. , Hoofnagle, J; H. , Miller, R.H., Deo, E., Ford, H., 
Broder, S., and Mitsuya, H. , "Inhibition of Duck Hepatitis B 
Virus Replication by 2' ,3«-Dideoxycytidine," 
Castroantaroloav. 97: 1275-1280, 1989). 

Studies have indicated that elimination of mitochondria 
DNA by treatment of ddC is related to delayed cytotoxicity 
and possibly resulted in peripheral neuropathy observed in 
clinics (Chen, C.H., Cheng, Y.C., "Delayed Cytotoxicity and 
Selective Loss of Mitochondria DNA in Cells Treated with the 
Anti-Human Immunodeficiency Virus Compound 
2 , ,3'-Dideoxycytidine," J, Biol. Chen ., 264: 11934-11937, 
1989) . 

EP 382 526, the entire contents of which are 
incorporated by reference herein, concerns substituted 1,3- 
oxathiolanes which are said to have antiviral properties. 
However, only retroviruses are specifically discussed and 
the only specific viral disorders described are human 
immunodeficiency virus (HIV) (AIDS) , AIDS related conditions 
such as AIDS-related complex (ARC) , persistent 
lymphadenopathy (P6L) , AIDS-related neurological conditions 
(such as dementia), Kaposi* s sarcoma and thrombocytopenia 
purpurea. 

The use of BCH-189 ((±)-2 f ,3 l -dideoxy-3 l -thiacytidine) 
and dioxolane-T as anti HIV agents are discussed in Chu et 
al, J. Qra. Cham . . 6503-6505, (1991); Jeong et al, 

Tetrahedron Letters, 21, 595-598, (1992); ChU et al, 
Tetrahedron Letters . 21, 3791-3794 (1991) and B. Belleau et 
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al v r«nf«r«nc« on AIDS* Montreal, Canada, 

juna 4-9 (1989), papar Ho. T.C.0.1. 

BCH-189 waa raportad as a raeamic sixtura in J.A. 
Coata* at al, m+imicrah. ^glflJa Ch«ath«g. 21* 202 (1992) 
and W.-B. Choi at al, ,T, M. QllB. SQC, HI, »377 (1991). 

In summary, thara ia currantly no affaetiva traataant 
for human hapatitia B virus infections, antiviral tharapy 
and a variaty of axparimantal drugs hava had no claar 
banafit and soma say ba harmful. Raeantly, a variaty of 
2 , ,3 , -didaoxyguanoaina analoguaa hava baan aaaartad to hava 
anti-HBV activity in vitro, yat nona hava raachad clinical 
uaafulnass. In ganaral, guanoaina analoguas of this typa 
Bay intarfara with critical anxyaaa in humans. 
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daoxycytidina 



.<!> dC 



<S> + FSddc 
(+)S-fluero-3*-taia- 
2 • , 3 • -didaoxycytidina 
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<2> ♦ SddC 
(+)3 , -thU-2 , ,3'- 
didaoxyeytidlM 



<3> -SddC 
(-)3'-tlli»-2 , ,3'- 
didaoxycytldin* 



<4> a SddC 
a 3•-thi*-2^3•- 
didMxycytidin* 





(♦) SddU 



off 




no 
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C/ Wo 



\>— / NH. 



(-)-L-B-dioxolana-cytosina 

/+)-D-fl-dioxolana-cytoaina 
1 ((+) OddC) 

SddU: daaminata form of SddC 

( 3 • -thia-2 • , 3 ' -didaoxycytidina) 

5-PSddC: 5-f luoro-3 ' -thia-2 • 3 • -didaoxycytidina 

SddC: 3 • -thia-2 • , 3 • -didaoxycytidina 

5-MaSddC : 5-aathyl-3 • -thia-2 * , 3 • -didaoxycytidina 

5-ClSddC: s-chloro-3' -thia-2 ',3 '-didaoxycytidina 

5-BrSddC: S-bromo-3 • -thia-2 • , 3 • -didaoxycytidina 

5-ISddC: 5-iodo-3 • -thia-2 • , 3 • -didaoxycytidina 

(+) OddC: (+)-D-B-dioxolana-cytoaina or (+)D-B- 
dioxolana-C 

(-) OddC: (-)L-B-dioxolana-cytoaina or (-)L-s- 
dioxolana-C 

Unlaaa indicated to tha contrary, whanavar 3'-thia- 
2' ,3 '-didaoxycytidina without a plus or minus sign bafora it 
is atatad bar a in, it ia undaratood that auch maana (±)3»- 
thia-2', 3 '-didaoxycytidina and whanavar 5-f luoro-3 '-thia- 
2 ',3 '-didaoxycytidina without a pXua or minus sign bafora it 
is atatad harain, it is undaratood that auch maana (±)5- 
f luoro-3 '-thia-2 ',3 '-didaoxycytidina. Furtharaora, unlaaa 
indicatad to tha contrary, whanavar 8-dioxolana-cytoaina 
without a plus or minus sign bafora it is statad harain, it 
is undaratood that such maans <±)fl-dioxolana-cytoaina. 
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SDMMARY OF THE TMVffTTPTftM 



An object of the present invention is to provide (-) 3 
thia-2 • , 3 ■ -dideoxycytidine and ( -) 5-f luoro-3 1 -thia-2 • , 3 • - 
dideoxycytidine and a method of preparing the saae. 

A further object of the present invention is to provide 
fl-dioxolane cytosine and particularly (-)-L-fl-dioxolane- 
cytosins. 

Zt is another object of the present invention is to 
treat patients suffering with the hepatitis B virus or to 
prevent hepatitis B virus infection in a patient. 

The above stated objects, and other objects, aims and 
advantages are provided by the present invention. 

The present invention concerns (-fc3 • -thia-2 • ,3«- 
dideoxycytidine of the following formula: 




Thm praaant invention also ralataa to (Stf-f luoro-3 • - 
thia-2 1 , 3 • -didaoxycytidina of tha following formula: 
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The instant invention is also directed to a method of 
separating (-) 3 '-thia-2 ',3 '-dideoxycytidine from (±)3'-thia- 
2 ',3 '-dideoxycytidine. The aatllod comprises contacting 
(±) 3 '-thia-2 ',3 '-dideoxycytidine with deoxycytidine 
deaminase, subjecting the resultant reaction mixture to 
column chromatography, for example, BPLC, and separating out 
(-) 3 '-thia-2', 3 '-dideoxycytidine. The above method is also 
applicable for separating (-) 5-f luoro-3 '-thia-2' ,3'- 
dideoxycytidine from (±) 5-f luoro-3 • -thia-2 • , 3 • - 
dideoxycyt idine . 

The present invention also concerns a method of 
treating hepatitis B virus infection or preventing hepatitis 
B virus infection in a patient, e.g., a mammal, e.g., a 
human comprising administering to the patient an effective 
amount of a substituted-l,3-oxathiolane compound selected 
from the group consisting of (-) 3 '-thia- 2',3«- 
dideoxycytidine, (±) 3 '-thia-2 ',3 '-dideoxycytidine, <-)5- 
f luoro-3 • -thia-2 • , 3 • -dideoxycytidine and (±) 5-f luoro-3 • - 
thia-2 • , 3 • -dideoxycytidine , preferably ( -) 3 • -thia-2 • , 3 • - 
dideoxycytidine or (-) 5-f luoro-3 • -thia-2* ,3'- 
dideoxycytidine, or a salt or ester thereof, either alone or 
in admixture with a pharmaceutically acceptable carrier. 

The present invention also concerns B-dioxolane- 
cytosine and particularly (-)-L-B-dioxolane-cytosine of the 
formula 

Ho 




(-) -L-fl-dioxolane-cytosine 

((-)OddC) 
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The present invention also concerns a method of 
treating hepatitis B virus infection or preventing hepatitis 
B virus infection in a patient, e.g., a mammal, e.g.., a 
human comprising administering to the patient an effective 
amount of a B-dioxolane-cytosine, particularly (-)-L-B- 
dioxolane cytosine, or a salt or eater thereof, either alone 
or in admixture with a pharmaceutically acceptable carrier. 

nVTTT DESCTTPTTON OF TOR DRAWINGS 

Fig. 1 depicts a Southern blot analysis of the 
comparative potency of deoxycytidine analogs as inhibitors 
of HBV 2.2.15 cells which were incubated with the various 
concentrations of drugs for 12 days. Media were harvested. 
Virions were precipitated with PEG. Nucleic acids were 
extracted from PEG precipitates and analyzed by Southern 
blot analysis. RC: Relaxed circular HBV DMAs. SS: single 
stranded HBV DNAs . D4C : 2 • , 3 • -didehydro-2 • , 3 • - 
dideoxycytidine. 3 • -FddC: 3 • -f luoro-2 • , 3 • -dideoxycytidine. 
SddC: 3» -thia-2 1 , 3 •-dideoxycytidine. 5-FSddc: 
5-f luoro-3 • -thia-2 • , 3 • -dideoxycytidine ; ddC: 
2 • , 3 • dideoxycytidine . 

Fig. 2 is a Southern analysis of intracellular HBV 
DNAs. 2.2.15 cells were untreated (lanes 1,10), treated 
with 5-f luoro-3 '-thia-2* ,3' -dideoxycytidine (lanes 
2,3,4,5,and-ll) and 3 • -thia-2 •, 3 • -dideoxycytidine (lanes 
6,7,8,9. and 12) for 12 days. Total cellular DNAs were 
extracted as described in hereinbelow. DNAs were digested 
with Hind III and electrophoreaed in 0.8% agarose gel, 
transferred to Hybond-N membrane and hybridized with 
a P-labeled HBV probe. Each lane represents 20 ng total 
cellular DNAs. Lanes 10, 11, 12: DNAs from cells untreated 
(lane 10) or treated with 2 m» 5-f luoro-3 • -thia-2 • , 3- 
dideoxycytidine (lane 11) and 3'-thia 2 \ 3 • -dideoxycytidine 
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„ . u, for 12 d.y. «* furthar incubation in tha abaane. 

HBV DMAS! 1= Int.gr.tad HBV DHAa. 

,. M,i.-2>.3-did.oxyeytldin. and J'-tnln 2 .3 
of ,-fl»o«o- -thi. 2 .3 " with 2 

did.oxycytidi». ; 2.2- .^.oxycytidin. »* 3-thi.- 

«* •* ! - flUOr r! for 12 day. vara mcuba«d with 
JS3 .-did.oxycytidin. for 12 y ^ ^ OHM 

drug-fra. -di- «J « » ^ ln rl ,. x. R== 

in tha nadiun wara anaiyiao , tr ,„dad HBV DHAa. 

Mlmd oiroular HBV DHAa. SS: Sinai, atranaaa 

«» 4 i. a north.™ bio* analyai. ot BHAa. Total BHA. 
*' ! ,^Tt IS oalla untraatad (lana 1) or 
M «. axtractad fro. 2.2.1S , . # , , ^ idMxycyttd lna 

":::i, u nd <— ■> - » 

£T Each Ln. rapraaant. 2. « ««1 

n ,. S i. a south.™ biotd-pictin, t* ^ 
P ot.noy of v.rioua analog of SJ-thi. 2 3 tr „ t .d 

a . inhibitor. - ^tr^-for 12 day.- -adi. war. 
with variou. analog. «* "J ^ib* in Fig.l. 

„.lyrad for tha praaanca of HBV dha. 

Pi, SA «W • n~C prom- of • -U«- °< (t>J - 
^.-'^"id^ycytidin. b.f.r. a —i-i- 

fi9 . SB d.pic« . HPLC profil. is hour, aftar 
damnation of tha nixtura. 

.... . control bavin, only 
••4- ■?» danlcta a HH-C profila of a conwo 
rig. 'A aapios. v,«<ora daaaination. 

(+) 3 • -thia-2 S3 1 -didaoxyeytidina baf ora o 
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Fig. 7B depicts a HPLC profile of a UV spectrum 16 
hours after deaaination of (+) 3 • -thia-2 • ,3 '-dideoxycytidine. 

Fig. 8A depicts a HPLC profile of (-)3'-thia-2',3'- 
dideoxycytidine before a deaaination. 

Fig. 8B depicts a HPLC profile of (-)3' -thia-2* , 3 •- 
dideoxycytidine 16 hours after a deaaination. 

Fig. 9A depicts a HPLC profile of a-SddC before a 
examination. 

Fig. 9B depicts a HPLC profile of o-SddC 16 hours after 
a deaaination. 

Fig. 10 is a UV spectrua for 3 '-thia-2' ,3'- 
dideoxycytidine . 

Fig. 11 is a UV spectrua for 3« -thia-2' ,3'- 
dideoxyur idine . 

Figs. 12A and Fig. 12B each depict a Southern analysis 
of intracellular HBV DNA wherein 2.21S cells are untreated 
(control) or treated. 

; 

Fig. 13 is a. Southern blot analysis of the coaparative 
potency of several compounds as inhibitors of intracellular 
HBV DMA after a one week incubation with HBV 2.2.15 cells. 
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PETATT.EP Dfl flrPTPTTOM OF THE INVENTION 

The rational* for a chemotharapoutic traataant for 
hepatitis B virus is the inhibition of the viral DMA 
polymerase. Many nucleoside analogs have been tested both in 
a tissue culture system and an animal model with varying 
success (Matthes, E., Langen, P., von Janta-Lipinski, M. , 
Will, H. Schroder, B.C., Mew, H., Mailer, B.B., and Muller, 
w.e.c, "Potent Inhibition of Hepatitis B Virus Production 
in Vitro by Modified Pyrimidine Nucleosides," ftntltticrobittl 
™1 ch^ h.r.pv. 34: 1986-1990, 1990? Lee, B. , Luo, 
H. , Susuk, S., Robins, M. J., and Tyrrell, D.L.J. , "In Vitro 
and in Vivo comparison of the Abilities of Purine and 
pyrimidine 2 • ,3 '-Dideoxynucleosides to Inhibit Duck 
Hepadnavirus," »i loanta and ChamotharaPV, 33: 

336-339, 1989; Kassianides, L. , Hoofnagle, J. B., Miller, 
R.B., Doo, E., Ford, B. , Broder, S., and Mitsuya, B., 
"Inhibition of Duck Hepatitis B virus Replication by 
2',3'-Dideoxycytidine," r Tflflf ™« w *« rQloqv - 91i 1275-1280, 
1989; Price, P.M., Banerjee, R. , and Acs, C. , "Inhibition of 
the Replication of Hepatitis B Virus by the Carbocyclic 
Analogue of 2 , -Deoxyguanosine," Prog, Natli nCflfli Sfii., USA 
86: 8541- 8544, 1989; Yokota, T. , Konno, K. , Chonan, E. , 
Mochizuki, S., Kojima, K. , Shigeta, S., and d* Clercq, E., 
"Comparative Activities of Several Nucleoside Analogues 
Against Duck Hepatitis B Virus in vitro," n nt1 tticrob l a l 

i »« ,^ eh ^h.raov. 34: 1326-1330, 1990; and Deda, K., 

Tsurimoto, T. , Hagahata, T., Chisaka, 0., and Matsubara, K., 
•An in Vitro System for Screening Antihepatitis B Drugs," 
virology 169: 213-216, 1989). 

Applicants discovered that 3 ' -thia- 
2',3'-dideoxycytidine and its 5-fluoro analog were potent 
compounds against HBV replication. It was further 
discovered that with respect to the anti-HBV effects of 



; 
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(±) 3 '-thia-2', 3 '-dideoxycytidine and_its_racemir form s f 
namely <±)3 '-thia-2 • ,3 '-dideoxycytidine and <-)3'-thia- 
2 • , 3 • -dideoxycytid'ine, that (-) 3 • -thia-2 • , 3 » -dideoxycytidi; 
is tha primary active form responsible for the anti-HBV 
effect ana the C±J 3 '-thia-2 ',3 '-dideoxycytidine is the maj, 
component causing the cytotoxicity at the concentration 
wherein the anti-HBV effect was observed. 



In contrast to the effectiveness in inhibiting HBV 
replication, 3 • -thia-2 • , 3 • -dideoxycytidine and 5-fluoro-3«- 
thia-2', 3 -dideoxycytidine were not found to affect the 
integrated HBV ONAs. since the RNA replicative 
intermediates are being transcribed from the integrated DNA, 
it is not surprising that HBV specific transcripts vers not' 
affected by drug treatment. Thus, interruption of drug 
treatment resulted in a return of HBV virus to both intra- 
and extracellular populations. 



Without wishing to be bound by any particular 
oparability, the mechanism of action of 3'-thia- 
2 ', 3 • -dideoxycytidine is probably (l) inhibition of viral 
DNA polymerase and/or (2) chain termination due to 
incorporation into elongated DNA strand. 

3'-Thia-2',3'-dideoxyuridine analogs were found not to 
be ective against HBV. replication. There was concern that 
cytidine analogs can be deasinated intracellular^ to 
inactive uracil analog. The facts that 3 • -thia- 
2',3'-didecxycytidine is very potent against HBV replication 
in 2.2.15 cells and that the anti-HBV activity is not 
enhanced by cyd/dcyd deaminase inhibitor suggests that 
catabolic inactivation by deaminase may not be important. 

The present invention concerns a method involving the 
administration of one or more of (-) 3' -thia-2', 3'- 
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dideoxycytidine, (±) 3 • -thia-2 S3' -dideoxycytidine, (-) 5- 
f luoro-3 • -thia-2 • , 3 -dideoxycytidine or ( ± ) 5- f luoro-3 ' -thia- 
2 • , 3 • -dideoxycytidine (referrad to haraln as "the compounds of 
formula (1)") or a salt or astar thereof, alona or in 
admixture with a pharmacautically accaptahla carriar in ordar 
to traat patiants suf faring from hapatltis B virus or to 
provant hepatitis B virus infection. 

Formula (I) includes the following: 




wherein R is selected from the group consisting of H and.F. 

As referred to herein, formula (I) refers to (-)3«-thia- 
2 • , 3 • -dideoxycytidine, (±) 3 • -thia-2 • , 3 • -dideoxycytidine, (-) 5 
f luoro-3 • -thia-2 • , 3 • -dideoxycytidine or (± ) 5-f luoro-3 « -thia- 
2 •, 3 • -dideoxycytidine or combinations thereof. 

Tha present invention also concerns a method involving 
tha administration of A-dioxolane-cytosine and particularly 
(-) -L-ft-dioxolane-cytosine of the formula 




NHj 
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or a salt or ester thereof, alone or in admixture with a 
pharmaceutical!/ acceptable carrier in order to treat 
patients suffering from hepatitis B virus or to prevent 
hepatitis B virus infection. B-dioxolane-cytosine or (-)-L- 
B-dioxolane-cytoaine are hereinafter referred to as the 
compounds of formula (!•). 

Preferred esters of the compounds for use in the 
invention of formula (I) include the compounds in which H of 



HOCHj is replaced by R - C in which the non-carbonyl moiety 
R of the ester grouping is selected from hydrogen, straight 
or branched chain allcyl (e.g., methyl, ethyl, n-propyl, t- 
butyl, n-butyl), alkoxyalJcyl (e.g., methoxymethyl) , aralkyl 
(e.g., benzyl), aryloxyalkyl (e.g., phenoxymethyl) , aryl 
(e.g., phenyl optionally substituted by halogen, C,. 4 allcyl 
or C 1-4 alkoxy); substituted dihydro pyridinyl (e.g., M- 
methyldihydro pyridinyl) ; sulphonate esters such as allcyl or 
arakyl sulphonyl (e.g., methanesulphonyl) ; sulphate esters; 
amino acid esters (e.g., L-valyl or L-isoleucyl) and mono*, 
di- or tri-phosphate esters. 

Also included within the scope of such esters are 
esters derived from polyfunctional acids such as carboxylic 
acids containing more than one carboxyl group, for example, 
dicarboxylic acids E0 2 C(CE 2 ) n co^ where n is an integer of 1 
to 10 (for example, succinic acid) or phosphoric acids. 
Methods for preparing such esters are well known. See, for 
example, Hahn et al., "Nucleotide Dimers as Anti Human 
Immunodeficiency Virus Agents,** nucleotide Analogues, 
pp. 156-159 (1989) and Busso et al., "Nucleotide Dimers 
Suppress HZV Expression in Vitro,** aids Res earch and Hunan 
RCtrgyiruaw, 4(6), pp. 449-455 (1988). Where esters are 
derived from such acids, each acidic group is preferable 
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i 
) 
\ 

I 



..t.riti.d by . compound for w in th. inv-tion or oth.r 
"el.o.id.. or »^ — d.riv.tiv.. thm* to orovid. 
esters of the formula (II) 




(ID 



. „ « i- JLc- ( CH.) ,-C-O- and n is an 

where R is B or f > * is K^frT' 

int^r or 1 to 10 or -O-j-O- or -oj*-. * i. «y * 

or nod—id. or doriv.tiv. th.r.0*. 

»ucl.o.i<U. «* nucUo.id. «»109»~ «• 3 -" id °- 2 3 
did.oxythy»idin., 2 ' , 3 ' -did«o3eycytidin«; - 
did.oxy.dono.in.. s..3-did«xyino.in.. J'.J - 
did.o^thy-idi«., 2 s).-dld^»SS'-did*Wd^«W-idln.. 
^ r^id.=*y- * • . > • -did.hydroxytidin. «d ribavirin. 

with mud to th. »bov. d..crib«J ..t«r«, •»!•" 

^td couid confin on. or nor. «*. bon*. »»y «* 
Li.ty pr—nt in such ..t.r, .dv.ntaa.ou.ly oo*ri«. . 
phanyi group. 



WO 92/18517^ 



PCT/LS92/03144 



-18- 
In particular, the asters may be a C t . M alky 1 ester, an 
unsubstituted benzoyl ester or a benzoyl ester substituted 
by at least one halogen (bromine, chlorine, fluorine or 
iodine) , saturated or unsaturated C w alkyl, saturated or 
unsaturated C t . 4 alkoxy, nitro or trifluoromethyl groups. 

Pharmaceutically acceptable salts of the compounds of 
formula (I) or formula (X») include those derived from 
pharmaceutically acceptable inorganic acids and bases. 
Examples of suitable acids include hydrochloric, 
hydrobromic, sulfuric, nitric, perchloric, fumaric, maleic, 
phosphoric, glycollic, lactic, salicylic, succinic, toluene- 
p-sulfonic, tartaric, acetic, citric, methanesulfonic, 
formic, benzoic, malonic, naphthalene-2 -sulfonic and 
benzenesulfonic acids, other acids such as oxalic, while 
not in themselves pharmaceutically acceptable, may be useful 
in the preparation of salts useful as intermediates in 
obtaining the compounds of formula (I) or formula (!•) and 
their pharmaceutically acceptable acid addition salts. 

Salts derived from appropriate bases include alkali 
metal (e.g., sodium), alkaline earth metal (e.g., 
magnesium) , ammonium and NR 4 + (where R is C,. 4 alkyl) salts. 

The amount of the compound of formula (I) or formula 
(!•) for use in the present invention will vary not only 
with the particular compound selected, but also with the 
route of administration, the nature of the condition being 
treated and the age and condition of the patient and will be 
ultimately determined by the discretion of the attendant 
physician or veterinarian. In general, however a suitable 
dose will be in the range from about 1 to about 100 mg/kg of 
body weight per day, such as 2 to about 50 mg per kilogram 
body weight of the recipient per day, preferably in the 
range of 2 to 10 mg/kg/day. 
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Th* desir.d dose may conveniently be presented in a 
single dose or a. divided doses administered at appropriate 
intervals, for exa.pl., at two, three, four or more sub- 
doa.a pu day. 

Th. compound of formula (I) or formula (IM la 
eonv.ni.ntly adminiatawd in unit do..g.» for .xanpl., 
contains 0.5 to 50 .,, conv.ni.ntly 20 to 100. a, -oat 
eonv.ni.ntly 50 to 700 mg. of .ctiv. in^i«t (compound of 
formula (1) or formula (I 1 )) par unit do..,, torn. 

IdMlly, th. activ. ingradiant ahould b. ad»ini.t.r.d 
to a=hiav. p..* PL— eonc.ntr.tion. of th. .ctiv. eompound 
of fro. about 1 to 75 MM* pr.f.rably about 2 to 50 uK. »o.t 
P r.f.rably about 3 to about 30 MM. Thi. may b. achi.vrt. 
for .xmwI., by th. intravonou. inaction of 0.1 to 5% 
aolotion of th. activ. lngr.di.nt. optionally in ..li™. « 
.o^iatar* - a bol«. eontainin, about ..1 to 50 of 
the active ingredient. 

Whil. it i. pcaibl. that, for ua. in tharapy. th. 
compound of fonml. (1) or formula (IM -ay - 
a. th. raw ch.mie.1. it U prafarabl. to pr...»t th. .ctiv. 
lnor.di.nt a. a pharm.c.utic.1 formulation. 

Th. invntion th». furth.r provid- for th. 
pbar».c«>ti<»l formulation eow>ri.in, a ccn*e»»d of formula 
(I, or fotwl. (!•) or a ph.rmac.utic.lly aecapt*>l. 
darivatlva tharaof tcj.th.r with ona or aora 
pMrm.cautie.lly accp«bl. carrier, 
optionally, oth« th.r.p.utic and/or prophylactic 
iL«li«»t. . Th. c»rri.r(.) «u.t b. -.ccp«bl." in th. 
a^Ttf b.in, compel, with th. oth.r ^^roT 
for-»l.tion and not d.l.t.riou. to th. r.cipi«t th.r.for. 
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Pharnaceutical formulations include those suitable for 
oral, rectal, nasal, topical (including buccal and sub* 
lingual) , vaginal or parenteral (including intramuscular, 
sub-cutaneous and intravenous) administration or in a form 
suitable for administration by inhalation or insufflation. 
The formulations may, where appropriate, be conveniently 
presented in discrete dosage units and may be prepared by 
any of the methods veil know in the art of pharmacy. All 
methods include the step of bringing into association the 
active compound with liquid carriers or finely divided solid 
carriers or both and then, if necessary, shaping the product 
into the desired formulation. 

Pharmaceutical formulations suitable for oral 
administration may conveniently be presented as discrete 
units such as capsules, cachets or tablets each containing a 
predetermined amount of the active ingredient; as a povder 
or granules; as a solution; as a suspension; or as an 
emulsion. The active ingredient may also be presented as a 
bolus, electuary or paste. Tablets and capsules for oral 
administration may contain conventional excipients such as 
binding agents, fillers, lubricants, dis integrants, or 
vetting agents. The tablets may be coated according to 
methods veil knovn in the art. Oral liquid preparations may 
be in the form of, for example, aqueous or oily suspensions, 
solutions, emulsions, syrups or elixirs, or may be presented 
as a dry product for constitution with vater or other 
suitable vehicle before use. Such liquid preparations may 
contain conventional additives such as suspending agents, 
emulsifying agents, non-aqueous vehicles (vhich may include 
edible oils) or preservatives. 

The compounds of formula (I) or formula (X* J may also 
be formulated for parental administration (e.g., by 
injection, for example, bolus injection or continuous 
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infusion) and may b« presented in unit do., form in 
ampoules, pre-fill.d syringe., 8B.11 volum. infusion or in 
multi-dos. contains, with an add.d pr...rvativ. The 
composition, may take such forms a. su.psn.ions, solutions, 
or emul.ion. in oily or aqu.cus vehicles, and m.y contain 
formulatory aganf .uch a. spending, stabilizing and/or 
disposing agents. Alternatively, the active ^ 
be in powder form, obtained by aseptic isolation of sterile 
solid or by lyophilization from solution, for constitution 
with a suitable vehicle, e.g., sterile, pyrogen-free water, 
before use. 

For topical administration to the epidermis, the 
compounds according to formula (1) or formula <!•> may be 
formulated as ointments, creams or lotions, or as a 
transdermal patch. Ointment, and cream, -ay, < or 
be formulated with an aqu.ou. or oily b... with the addition 
of .uitable thickening and/or gelling agents. lotions may 
be formulated with an aqueous or oily base and will in 
general also contain one or more emulsifying agents, 
stabilizing agents, suspending agents, thickening agents, or 
coloring agont*. 

Formation, raltabl. tor topical a<taini.tr.tion in tb. 
.outb includ. loa.no.. co*pri.ing an .ctiv in^-lint in • 
,l.vowd b*... u»»Uy .ucrc. and .cel. or 
p..till« «»pri.i», tb. .ctiv. in9«di.»t in • 
liquid carrier. 

Fham.e.utie.1 fornulation. .uitabl. tor Metal 
adlniatration, vb.r.ln tb. =.rri.r i. . .olid, ar. »•* 
pr.,i»bly ~pr...nt.d a. unit ^nTy 
carriax. inelud. eocoa butt.r and oth.r nat.ri.1. « , ™ 8 ~* 
^ 1„ tb. .rt, and tb. suppoaitorU. «y b. conv.ni.ntly 
"Id b y\d»i«- o, tb. activ. conpound .itb tb. .oft«»d 
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or melted carrier (a) followed by chilling and shaping in 
molds. 

Formulations suitable for vaginal administration may be 
presented as pessaries, tampons, creams, gels, pastes, foams 
or sprays containing in addition to the active ingredient, 
such carriers as are known in the art to be appropriate. 

Compounds of formula (I) or formula (I 9 ) or formulations 
containing the same can also be applied on condoms (on the 
inner surface thereof, outer surf alee thereof or both of said 
surfaces) to prevent the transmission of HBV during 
intercourse. 

For intra-nasal administration, the compounds of formula 
(I) may be used as a liquid spray or dispersible powder or in 
the form of drops. 

Drops may be formulated with an aqueous or non-aqueous 
base comprising one or more dispersing agents, solubilizing 
agents or suspending agents. Liquid sprays are conveniently 
delivered from pressurized packs. 

For administration by inhalation, the compounds of 
formula (X) or formula (I') are conveniently delivered from an 
insufflator, nebulizer or a pressurized pack or other 
convenient means of delivering an aerosol spray. Pressurized 
packs may comprise a suitable propellent such as 
dichlorodlf luoromethane , trichlorofluoromethane, 
dichlorotetrafluoroethane, carbon dioxide or other suitable 
gas. In the case of a pressurized aerosol, the dosage unit 
may be determined by providing a valve to deliver a metered 
amount. 
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Alternatively, for administration by inhalation or 
insufflation, the compounds of formula (I) or formula <I«) 
may taka tha form of a dry powdar composition, for axampls, 
a powdar mix of tha compound and a suitable powdar base such 
as lactose or starch. The powder composition may be 
presented in unit dosage form in, for example, capsules or 
cartridges or, e.g., gslatin or blister packs from which the 
powder may be administered with the aid of an inhalator or 
insufflator. 

When desired, the above described formulations adapted 
to give sustained release of the active ingredient may be 
employed. 

The pharmaceutical compositions for use according to 
the invention may also contain other active ingredients such 
as antimicrobial agents or preservatives. 

The compounds of formula (I) of formula (X») may also 
be used in combination with other therapeutic agentm, for 
example, other anti-infective agents. In particular, the 
compounds cf formula (I) or formula (!•) may be employed 
together with well known antiviral agents, e.g., adenine 
arabinoside or interferon e. 

The invention thus ..provides, in a further aspect, a 
combination comprising a compound of formula (I) or formula 
(!•) or a physiologically acceptable derivative thereof 
together with another therapeutically active agent, in 
particular, an anti-HBV agent. 

The combinations referred to above may conveniently be 
presented for use in the form of a pharmaceutical 
formulation and thus the use of pharmaceutical formulations 
comprising a combination as defined above together with a 
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pharmaceutically acceptable carrier therefor comprise a 
further aspect of the invention. 

The individual components of such combinations may be 
administered either sequentially or simultaneously in 
separate or combined pharmaceutical formulations. 

When the compound of the formula (Z) or formula (I*) or 
a pharmaceutical^ acceptable derivative thereof is used in 
combination with a second therapeutic agent active against 
the same virus, the dose of each compound may be either the 
same or different from that vhen the compound of formula (I) 
or formula (!•) is used alone. Appropriate doses will be 
readily appreciated by those skilled in the art. 

The compounds of formula (Z) or formula (Z'} and their 
pharmaceutical^ acceptable derivations may be prepared by 
any method known in the art for the preparation of compounds 
of analogous structure. 

Pour processes ((A) to (D)) for producing compounds of 
formula (Z) are set forth as follower 



Zn one such process (A) a 1,3-oxathiolane of formula 

(ZZZ) 



wherein R, is hydrogen or a hydroxyl protecting group as 
defined herein and the anomeric group L is a displaceable 
atom or group and is reacted with an appropriate base. 
. Suitable groups L include alkoxy carbonyl groups such as 
ethoxy carbonyl or halogens, for example, iodine, bromine or 




(ZZZ) 
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chlorine or -OR* where R« is a substituted or unsubstituted, 
saturated or unsaturated alkyl group, e.g., a C,. 4 -alKyl 
group such as methyl, or R' is a substituted or 
unsubstituted aliphatic or aromatic acyl group, e.g. , a C v4 - 
aliphatic acyl group such as acetyl and an aromatic acyl 
group such as benzoyl. 

The compound of formula (III) is conveniently reacted 
with the appropriate purine or pyrimidine base R,-H 
(previously silylated with a silyating agent such as 
hexamethyldisilazine) in a compatible solvent such as 
methylene chloride using a Lewi, acid (such a. titanium 
tetrachloride or stannic chloride) or trimethyl- 
silytriflate. 

The l,3-oxathiolane. of formula (III) may be prepared, 
for example, by reaction of an aldehyde of formula (IV) with 
a mercaptoacetal of formula (V) in a compatible organic 
solvent, such a. toluene, in the presence of an acid 
catalyst a. a para-toluene sulfonic acid or a Lewis acid, 
e.g., zinc chloride. 

HSCH,CH(OCjH,) a 

C^COOCHjCHO < v > 

Th. rn.rcaptoac.tals of formula (IV) may be prepared by 
method, known in th. art, for example, G. Hesse and I. 
jordT, "M.rc*pto.c.taldehyde and dioxy-l,4-dithiane," ShS*. 
Bar . 85 pp. 924-932 (1952). 

The aldehyde, of formula (V) may be prepared by method, 
known in the art, for example, E.G. Hallogui.t and H. 
£b£rt, -Studies on Reactions Relating to Carbohydrate, and 
Polysaccharides, Part XLIV: Synth..!, of Isomeric B cyclic 
Acetal Ethers," r nn ,T. Research 8, pp. 129-136 (1933). 
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In a second process (B) one coapound of foraula (I) is 
converted to another coapound of foraula (I) by base 
interconversion. Such intereonversion aay be effected 
either by simple cheaical trans foraation (e.g., the 
conversion of uracil base to cytosine) or by an enzymatic 
conversion using, for example, a deoxyribosyl transferase. 
Such methods and conditions for base interconversions are 
veil known in the art of nucleoside chemistry. 

In a third process (C) the compounds of foraula (I) aay 
be prepared by the reaction of a compound of foraula (VI) 



HO. 



Hz" (VI) 



with a compound of foraula (VII) 




(VII) 



where P is a protecting group, followed by reaoval of the 
protecting group. 

The compounds of foraula (VI) aay be prepared for { 
reaction by a suitable epoxide (IX) 




(IX) 
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with an appropriate sulphur-containing compound, e.g., 
sodiua thioacatata. Compound* of formula (IX) ara aithar 
jcnown in tha art or may b* obtainad by analogous procassas, 

In a fourth procass (0) a compound of formula (X) 



(X) 



may ba convsrtad to a compound of formula (I) by conversion 
of tha anomeric NH, group to tha required base by methods 
well Jcnown in the art of nucleoside chemistry. 

Many of the reactions described hereinabove have been 
extensively reported in the context of purine nucleoside 
synthesis, for example, in -Nucleoside Analogues - 
Chemistry, Biology and Medical Applications,- R.T. Walker et 
al., Eds. Plenum Press, New York (1979) at pages 193-223, 
the text of which ia incorporated by reference herein. 

It will be appreciated that the above reactions may 
require the use of, or conveniently may be applied to, 
starting materials having protected functional groups, and 
deprotection might thus be required as an intermediate or 
final step to yield the desired compound. Protection and 
deprotection of functional groups may be effected using 
conventional means. Thus, for example, amino groups may be 
protected by a group selected from arakyl (e.g. , benxyl) , 
acyl or aryl (e.g., 2,4-dinitrophenyl) ; subsequent removal 
of the protecting group being effected when desired by 
hydrolysis or hydrogenolsis as appropriate using standard 
conditions. Hydroxyl groups may be protected using any 
conventional hydroxyl protecting group, for example, as 
described in "Protective Groups in Organic Chemistry, Ed. 
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J.F.W. McOmie (Plenum Press, 1973) or "Protective Groups in 
Organic Synthesis* 9 by Theodora W. Greene (John Wiley and 
Sons, 1981). Examples of suitable hydroxy 1 protecting 
groups include groups selected from alkyl (e.g., methyl, t- 
butyl or methoxymethyl) , aralkyl (e.g., benzyl, 
diphenylmethyl or triphenylmethyl) , heterocyclic groups such 
as tetrahydropyranyl, acyl, (e.g., acetyl or penzoyl) and 
silyl groups such as trialkylsilyl (e.g., t- 
butyldimethylsilyl) • The hydroxy 1 protecting groups may be 
removed by conventional techniques. Thus, for example, 
alkyl, silyl, acyl and heterocyclic groups may be removed by 
solvolysis, e.g., by hydrolysis under acidic or basic 
conditions. Aralkyl groups such as benzyl may be cleaved, 
for example, by treatment with BF 3 etherate and acetic 
anhydride followed by removal of acetate groups so formed at 
an appropriate stage in the synthesis. Silyl groups may 
also conveniently be removed using a source of fluoride ions 
such as tetra-n-butyl ammonium fluoride. 

In the above processes, the compounds of formula (I) 
are generally obtained as a mixture of the sia and trana 
isomers. 

These isomers may be separated, for example, by 
acetylation, e.g. , with acetic anhydride followed by 
separation by physical means, e.g., chromatography on silica 
gel and deacetylation, e.g., with methanolic ammonia or by 
fractional crystallization. 

With respect to the synthesis of the compounds of 
formula (I J ), reference is made to Scheme 2 hereinafter 
vhich describes a synthesis for producing L-isomers of a 
dioxolane nucleoside analog. 
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1 , 6-Anhydro-L-gulose was prepared in one step from L- 
guloee by the treatment of L-gulose with an acid, e.g., 0.5N 
Hd in 60% yield (Evans, M.E., Earish, F. w., Carbghvq . r - 
R , a . (1973), 21. 359). Without selective protection as was 
done before (Jeong, L. S.; Alves, A. J.? Carrigan, S. W. ; 
Kim, h. o.; Beach, j. w.; chu, c. k. Tftrntiflflron Lett , 
(1992), 33, 595 and Beach, J. W. ; Jeong, 1. S. ; Alves, A. 
j.; Pohl, D; Kin, H. o.; Chang, C.-N.j Doong, S.-Li.; 
schinazi, R. F. ; Cheng, Y.-C; Chu, C. K. J, Org. Chen . 
1992, in press) (2) was directly converted to dioxolane 
triol (3) by oxidation with NaI0 4 , followed by reduction 
with NaBH 4 , which without isolation, was converted to 
isopropylidene derivative (4). Benxoylation to (5), 
deprotection to («) , and oxidation of diol («) gave the acid 
(7). oxidative decarboxylation of (7) with Pb(OAc) 4 in dry 
THF gave the acetate (•) , the key intermediate in good 
yield. The acetate was condensed with the desired 
pyrimidines (e.g., silylated thymine and N-acetylcytosine) 
in the presence of TMSOTf to afford an o,fl-mixture, which 
was separated on a silica gel column to obtain the 
individual isomers (9-12). Debenzoylation with methanolic 
ammonia gave the desired cytosine derivative 14 and the 
thymine derivative 13. 

All key intermediates in Scheme 2 gave correct 
elemental analyses (±0.4%). 

In summary, the asymmetric synthesis of (-)-L-fl- 
dioxolane-C was accomplished via 8 steps from a chir*l 
template 2. 

Pharmaceutical^ acceptable salts of the compounds of 
the invention may be prepared as described in United State. 
Patent No. 4,383,114, the disclosure of which is 
incorporated by reference herein. Thus, for example, when 
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it is desired to prepare an acid addition salt of a compound 
of the formula (I) , the product of any of the above 
procedures nay be converted in a salt by treatment of the 
resulting free base with a suitable acid using conventional 
methods. Pharmaceutical^ acceptable acid addition salts 
may be prepared by reacting the free base with an 
appropriate acid optionally in the presence of a suitable 
solvent such as an ester (e.g., ethyl acetate) or an alcohol 
(e.g., methanol, ethanol or isopropanol) . Inorganic basis 
salts may be prepared by reacting the free base with a 
suitable base such as an alkoxide (e.g., sodium methoxide) 
optionally in the presence of a solvent such as an alcohol 
(e.g., methanol). Pharmaceutical ly acceptable salts may 
also be prepared from other salts, including other 
pharmaceutical ly acceptable salts of the compounds of the 
formula (I) using conventional methods. 

A compound of formula (I) may be converted into a 
pharmaceutical ly acceptable phosphate or other ester by 
reaction with a phosphorylating agent, such as POC1, or a 
suitable esterifying agent, such as an acid halide or 
anhydride, as appropriate. An ester or salt of a compound 
of formula (I) may be converted to the parent compound, for 
example, by hydrolysis. 

Where the compound of formula (Z) is desired as a 
single isomer, it may be obtained either by resolution of 
the final product or by stereospecific synthesis from 
isomerically pure starting material or any convenient 
intermediate. 

Resolution of the final product or an intermediate or 
starting material therefore may be effected by any suitable 
method known in the art: see, for example, StcrcqShealatrY 
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tf gaxfagj CamflandA, by E.L. filial (Mccraw Hill, 1962) and 
Tn ft 1r . of Rfin" 1 ^^" *«anf. by S.H. Wilan. 

Tha prasant invantion is also directed to a_ noval 
B .thodology to prapara (-) 3 -thia-2 " , 3 .-didaoxyeytidina or 
<-)5-fluoro-3' -thia-2', 3 '-didaoxyeytidina from <±)-3'-thia- 
2" ,3" -didaoxyeytidina or (± )5-fluoro-3" -thia-2", 3 
dideoxycytidina, raspactivly. Tha method take, advantaga 
of tha staraospacif ieity of tha aetion of daoxyeytidina 
deamina.a (from aithar mammalian or bactaria sourca.) whieh 
convarts daoxyeytidina to deoxyuridine, and tha separation 
of 3' -thia-2", 3" -didaoxyeytidina and SddU. Preferably, tha 
deamination is carriad out at 37 -C for 16 hours. 

(-) 3 « -Thia-2 • , 3 • -didaoxyeytidina, (+) 3 - -thia-2 • , 3 • - 
didaoxyeytidina and (±) 3« -thia-2* ,3" -didaoxyeytidina ware 
examined for thair HBV effect. Tha ID* of <+)3"-thia- 
2 • , 3 • -didaoxyeytidina, <±> 3 ' -thia-2 • , 3 • -didaoxyeytidina and 
(-) 3 '-thia-2 ',3 .-didaoxyeytidina against HBV wara found to 
ba approximately > 0.5 m», 0.1 and 0.02 pm raspaetivaly, 
whieh indicatas that (-)3« -thia-2' ,3" -didaoxyeytidina is tha 
primary form raaponsibla for tha anti HBV affact. 

cytotoxicity studias using CEM calls and dialyzad ..rum 
showad that (+ ) 3« -thia-2", 3« -didaoxyeytidina is mora toxic 
than (±) 3- -thia-2', 3- -didaoxyeytidina, indicating that tha 
cytotoxicity of (±) 3' -thia-2' ,3 .-didaoxyeytidina ob..rvad 
previously is primary dua to tha ( + > 3 "-thia-2" ,3"- 
didaoxyeytidina, thus tha tharapautic indax of <->3-tai. 
2- 3> -didaoxyeytidina again.t HBV should be much better than 
that of (±)3« -thia-2*, 3.-did.oxycytidin. or (+)3"-thia- 
2 » , 3 * -didaoxyeytidina. 

It wa. unaxpactad that tha (-) form, of 3- -thia-2" ,3- 
didaoxyeytidin. and s-fluoro-3'- thia-2" ,3" -didaoxyeytidina. 
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vould be mora active than the respective (+) forms, since 
the naturally existing sugar moieties have the (♦) 
configuration. 

Without wishing to be bound by any particular theory of 
operability, it is possible that virus DMA polymerase is 
able to interact with the unnatural (-)- configuration. It 
can be expected that the therapeutic index of (-)3'-thia- 
2 , ,3 , -dideoxycytidine should be better than the (♦>- or (±)- 
form of 3 • -thia-2 • , 3 • -dideoxycytidine or its analogues. 

The invention will be further described by the 
following examples which are not intended to limit the 
invention in any way. 



Example 1: Cis-and trans-2-hydroxymethyl-5- 

/ ffvtaa in- 1 -vl 1 -1 , 3 -avatti 1 ol mm 



HOCH, ^ 




(XII) 



(a) nana- : 375 sg of the txanji-(XI) 




(XI) 
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vas dissolved in 100 ml of methanolic ammonia at 24 «C and 
after stirring for 16 hours, the solvent was removed in 
vacuo and the residue crystallized with ether. It was 
recrystallized from ethanol-ether to yield 174 mg of pure 
product, m.p.>220« (dec). It was characterized by 1 H and "c 
NMR. 



1 H NMR S 


(ppm in DMSO-d 4 ) ; 


7.57 


(d. 


1H; c 6 -H) 


7.18 


(d. 


2H; c 4 -NH|) 


6.30 


(dd. 


, 1H; Cj-H) 


5.68 


(d. 


1H; c,-H) 


5.48 


<t, 


1H; Cj-H) 


5.18 


(t» 


1H; Cj-CHj-OH) 


3.45 


(m. 


3H» Cj-CfijOH 


3.06 


(dd 


. 1H? c 4 -H) 


U.V.: 


! (CHjOH) X max: 270 mm 



5 C NMR (DMSO-d 6 , Varian XL-300) ; 6 in ppm: 





~ 


Cj CHjOH 


154.71 1165.70 


93.47 


i 

140.95 1 87.77 ! 36.14 


86.80| 64.71 



(b ) filar: treating 375 mg. of aia-(XXX) by the s>ime 
preceding procedure led to 165 mg of pure product after 
recrystallization from ethanol-ether, m.p. 171-173\ It wi 
characterized by 'H and 5 C NMR. 
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f H NMR: 6 (ppm in DMSO-d 4 ) : 
7.80 (d, 1H; C 4 -H) 
7.20 (d,2H; C 4 -NHj) 
6.18 (t, 1H; Cj-H) 

5.70 (d, 1H? C,-H) 
5.14 (t, 1H; Cj-caijOH) 

3.71 (B, 2H; Cj-GfijOH) 
3.40 (dd, 1H; C 4 -H) 
2.99 (dd, 1H; C 4 -fi) . 

U.v. : (CHjOH) 6 max: 270 na 

Example 2: Preparation of Bis-Pivaloyl Protected 
Cia-2-Buten-1.4-Dinl 

A 10L, 3 -neck flask was flame dried under vacuum and 
filled with argon. A positive flow of argon was maintained 
while the flask was fitted with a dried mechanical stirrer 
and charged with 100 g (0.15 eq) of DMaP, 3200 ml (39.7 
moles, 7 eq) of anhydrous pyridine, and 500 g (5.67 moles, 
1.00 eq) of cis-2-butene-l,4-diol. The flask was fitted 
with a septum. The contents were stirred at 0'C under 
continuous flow of argon. 

1500 ml (2.15 eq) of pivaloyl chloride was added 
slowly, via a cannula, (in 100-200 ml portions) maintaining 
a low temperature and limiting gas evolution. The reaction 
mixture was allowed to stir for an additional hour at 0*C 
under argon, and was subsequently quenched by the addition 
of crushed ice. 

The solution was decanted from the solids and the 
pyridine was evaporated in vacuo . The remaining material 
Was dissolved in ether and washed once with saturated CuS0 4 
solution, twice with saturated NaHCO, solution and twice 
with water. The ethereal solution was dried over MgS0 4 , 
filtered, evaporated, and placed on a vacuum pump overnight. 
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The solid residu. was dissolved in water and the 
resulting solution was extracted twice with ether. The 
l^r solution was washed, dried over MgS0 4 , filtered, 
evaporated, and further dried 

Product boI. wt. - 256.341 (C mH24 0 4 ) 

Theoretical yield - 1,453 g 

Actual yisld - 1,439 g 

% yield " 99 ' 0% 

xn appropriat. ai« **V «»* "« ^^^'^ * 
Mtt yl«.. eWorld. (dri«» in a .till) «-d ••«• 
(corr-pending to 0.022. «!. pur. ao-tato. 1 «l> of an 

..oond dry appropriat. .i» «>-« ^ 
„tftyl.n. oblorid. <dri.d in . «tUl> * <°- 

loi. 1.25 .q) o, bi.-.ilyl.t.d-5-tluorooyto.in. "*« 
: X«.r ooolin, tb. ^uor^o-in. - » • C 

a l.OM solution of I«i. .oid in -ttH— eWorld. v» 

! . . xhi. nixtur. »«« tbwi brcuabt op to 

add.d vi» a syring.. toj. 

„on t^-tur. .^ntlV ^ -on ~ 

H^o.. »0% .baolot. .thwol) tor vi.u.li»tion> 

indicate oo»pl.tion (45 «inut«> . , 
^.nO.d by dllutln, witb 250 .1 <U ' 
fi»~ th. total r-ction solv.nt volu»r - 

addition of ic. pi«o~ to control t«np 
..parafd into two l.y.ra, tb. top ao».o». i.y« 



i 

i 
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contains soma solid and the bottom organic layar which is a 
yellow solution. The organic layar was divided into three 
portions. Each portion was filtered through 1 inch of 
silica gel using a 300 ml fritted funnel (fresh silica gel 
for each portion) . The silica gel layers were then washed 
with 6:1 ethyl acetate: absolute ethanol. The organic 
layers were combined and the solvents were evaporated by 
rotary evaporation. The product was precipitated out by 
adding ether and a drop or two of methylene chloride. 

Filtration of the product and subsequent drying in 
vacuo gave a 51% pure product yield (100% B) . Repeating the 
precipitation process allowed for the isolation of a second 
crop of material, bringing the total yield to 59%. The 
solid is a white powder. 

The reaction can be performed using two different 
methods: 

(1) Adding a Lewis acid to an acetate/silylated base 
mixture. 

(2) Pre-mixing a Lewis acid and silylated bese and 
adding to this mixture the acetate. 

In order to obtain reasonable results, the acetate must 
be at least 80% pure by GC. An amount of 92. lg of an oil 
containing 85.3% of acetate by GC, and 64.62g of 
bis(trimethylsilyl)-5-fluorocytosine were dissolved in 1270 
ml of dry CHjClj, all under an argon atmosphere. Next, 430 
ml of a 1M Lewis acid/CHjClj solution was added in 60 ml 
portions over 25 minutes. The resulting mixture was stirred 
for an additional 90 minutes, during which time the color 
changed from yellow to orange, and finally turning brown. 
This mixture was then diluted with 2000 ml of CHjCl, and 
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quenched slowly with 400 ml of concentrated NH 4 0H (small 
amounts of ice wera added to regulate the exothermicity) 
upon quenching, a precipitate formed, gradually the cloudy 
solution separated into two layers; an aqueous layer 
containing some suspended solid (upper) and an organic layer 
(lower) . 

The quenched mixture was then filtered through 1-2 
inches of silica gel (using a 3000 ml fritted funnel) . 
During this process, the silica was changed 3 times due to 
hydration. All silica gel layers were then washed 4 times 
with 700 ml of a 6:1 EtoAc/EtOH mixture. The solvent was 
then evaporated from both the CHjCl 2 and EtOAc layers in 
yacuo . 

The solid residue from the CHjClj layer was partially 
dissolved with Et,0, filtered, and the undissolved solid was 
washed with additional ether to give 44.46g (49%) of a white 
solid. The same procedure for the residue from the EtOAc 
layer resulted in 21.76g (24%) of an off-white powder. 

Example 4: Monitored Preparation of ^JJJJggSf " 

Silylated glycolaldehyde (141.41 g, 0.474 mol) is 
dissolved in toluene (2200 ml) in a three neck, 3000 ml 
round bottom flask. The flask was equipped with a stir bar, 
glass stopper, rubber septa, end a Dean-Stark trap to remove 
water during the reflux. Thioglycolic acid (33.93 ml, 0.488 
mol) was added to the solution, and then heat was applied. 
The reaction usually takes approximately two hours to go to 
completion, and can be monitored by TLC (3:1 hexane : ether) . 
By TLC the aldehyde (Rf approximately 0.3) appears just 
below the lactone product using a UV lamp for visualisation, 
and when its trailing "tail" disappears, the reflux can be 
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stoppad. GC analysis (30 n SPB-5 on fusad silica cap. col) 
prograa 80 # C/5 minutas — 10'C/minutas 
— 310 *C is parformad. Tha aldahyda paak appaars at 
approximataly 22.13 minutas, tha lactona at approxiaataly 
27.94 minutas. This can ba ussd to dotarmina tha final 
amount of aldahyda laft in tha raaction mixtura. 

Whan tha amount of aldahyda laft is nagligibla, cool 
tha solution to room tamparatura and trans far to a 
saparatory funnal. Wash two timas with vatar, than axtract 
tha vatar layars with athar to ramova rasidual product. 
Wash tha combinad organic layars with vatar onca mora, than 
dry ovar MgS0 4 , filtar, and concantrata. A colorlaas oil 
rasults, vhich vill almost all solidify undar vacuum 
(usually laft on pump for tvo days). 

Exampla 5: Standardized Procadura for tha Oasilylation 
of l"-0- ( tart-Butyldiphanylsilyl) -3 • -thia- 
5-fluorocytidina to 5-f luoro-3 • -thia-2 • , 3- 

dldiQXYCYtldins . 



1) SU,N* f 

THF.g«C 

2) NH4O 




Procadura : l"-0- ( tert-Butyldiphanylsilyl) -3 • -thia-5- 
fluorocytidina (1) 44.46 g; 91.54 mol) vas dissolvad in 250 
mL of dry THF. Tatrabutylammonium fluorida (105 mL; 105 
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nanol) was added dropwise over a period of 3-5 minutes as a 
1.0 M solution in THF. The progress of the reaction vas 
monitored by TLC using 6:1 EtOAc-EtOH; visualization vas 
accomplished by UV as well as staining with PMA following by 
charring. TLC analysis of the reaction mixture showed four 
spots: at a baseline; at R f 0.3 (corresponding to (1)); 
oblong-shaped spot); at R f 0.75 (corresponding to (2)); at 
the solvent front (presumably TBDPS-P) . The reaction 
mixture was stirred at room temperature; all the starting 
material was consumed after 45 minutes. The mixture was 
treated with 20 mL of saturated NH 4 C1 followed by stirring 
for 1 hour. It was then filtered through a bed of silica 
gel (3 inch depth in a 350 mL fritted funnel) ; the silica 
gel was washed with 600 mL of 2:1 EtOAc-EtOH. The filtrate 
vas reduced to a volume of approximately 100 mL by rotary 
evaporation during vhich precipitation of a white solid was 
observed. Filtration of the mixture gave a white powder 
vhich vas a mixture of the desired product contaminated with 
ammonium salts. The crude solid was recrystallized from 
EtOH-CHjCl 2 to give 18.15 g (80% yield) of product. A 
second crop (2.09 g; 9% yield) of crystals was obtained, 
giving a total of 20.24 g (89% total yield) of 3'-thia-5- 
fluorocytidine (2): 'H-HMR (DMSO-d,; 300 MHz) 8.20 (d,J - 
7.3 Hz, 1H), 7.82 (br s, 1H) , 7.58 (br s, 1H) , 6.15-6.12 (m, 
1H), 5.41 (t,J - 5.7 HZ, 1H), 5.18 (m, 1H) , 3.81-3.69 (m, 
2H), 3.44 (AB dd, J - 5.4 HZ, J - 5.4 HZ, J - 11.8 Hz, 1H) , 
3.12 (AB dd, J - 4.3 HZ, J - 4.3 HZ, J - 11.8 Hz, 1H) ; e- 
isomer: 'H-NMR (DMSO-d,; 300 MHz) 7.83 (br d, J - 7.0 Hz, 
2H), 7.56 (br S, 1H), 6.29-6.27 (m, 1H) , 5.59 (t, J - 5.1 
HZ, 1H), 5.19-5.16 (m, 1H) , 3.57-3.38 (m, 2H) , 3.17-3.12 (m, 
2H). 

The ratio of a:fl-isomers present may be more accurately 
determined by HPLC analysis of the product on a Rainin 
Dynamax Phenyl column using a 97 : sh^O-CKyai isocratic 
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solvent system. The analysis was D.rfo™.* 
vi» *p«etrophoto».trie d.t.ctor U_ . «. _, " 

u . in , .„ 1 . eeritle : e r VTOt 2 ^' ot r ob wm 

Zto. " UtM *• *"* ■»•»,- »«. 00 

«oi ^/T** 1 "* * l " <*"»•» with a. J0 i 

, " • 1 « v »**« <=one.ntr.tlon» up to 0.3 «ol«, 
.. u«on «. r .*a=.o in tMp . rstur . to 0 . c ^^.^ 

»i«ur. „..d.d to b. , h . k . n by hand 
oc=..i on .ll y do. to vi,=o.ity .„□ v.. . tlr L £ r ^ 
hour, Conitorin, by thin l.y.r =hr«.to g r.p„ y 7*.TZLr 

™.etion mixtat* n , cone.ntr.tod by rot»ry •v.oor.til. 

TT la l iB (8C1, ' twle * »^™>ZT.«L 

bie.rton.to .. 1M io„, and one . wlth brlM ™ 
l«yor «• drUd ovor .nhydrou. ..,„..!„, , ulflt f u _ 

U..9 bro.d. NH). ..„ (1H . d. H.. J - «.„ 
(1H, t, H t , J . J. t az), ,. 75 ,j H , B> 2Hj)j , 4J (U|# 
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* ,,"« w«. 3 25 (1H, dd, IK,, J - *-2 * 

(DMSO d*) 

2j v-nnimnnr 5 =^ afl ^ e ^g T^[ ^ 7.57 <2H, broad nh2) , 

8.18 (IB, d, J - 8.4 BZ) 7.81 tf 
6.12 (IB, dd, H„ J - 5.7 and 4.2 HZ), 



j - 3.6 HZ), 3.74 (2H, M, 2H,) , 



5 * 7 ^ 5 dd ? It j - uT«. 3.11 <*, 

3.41 (IB, dd, 1 H,, J for 
ZlUVu, 4.07, B. *• 



c.U. inocul.^ - . , 

CXI./ • 'rr.'^^t. th. praaanc. 

M y. aft« tn. inoculation. Coll. , ^ 

4 , y .. w «*.«tu "'.^ «bi^* to 

,X0 ninut... ...00 « t> — «- £™ „. nm virtt . 

. final oone«tr.tion of 10* . <^~» ^ ... 

r ..u.pan*.* •« VlOOth « .„.^ion ... 

Tri. «> "° * "• C1 5 '4 / S pro t.in... K «- l^Mf 
adjuat«l to X * SB» •»« °-' ; ^ct^ with pMnol. 

fer 2 »our. at »5-C. Th. di,..t v.. «** sfc> 

cxo.o.0- - tn. » "•jr.^T.u p» ..o. x - 
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Tha formulas for ddC, d4C and 3'-FddC are as follows: 




ddC 040 ?-FddC 



Tha antiviral af facts vara aaasurad by analysis of 
extracellular HBV DNA (Pig.l). Tha experiment ravaalad that i 
tha amount of axtracallular HBV DNA decreased in a doaa 
dependant Banner. Tha inhibitory concentration for a 50% 
decrease in viral replication (HBXDjg) of these compounds 
are presented in Table 1. At concentration of 2 jiM, both 5- 
f luoro-3 • -thia-2 • , 3-dideoxycytidine and 3'-thia 2\3»- 
dideoxycytidine completely inhibited the replication of HBV, 
approximately 30% inhibition by 3*-FddC, whereas neither ddC 
nor D4C had any impact affect. Episomal HBV DMAs in 2.2. IS 
cells treated with different concentrations of 5-fluoro-3'- 
thia-2 • , 3 ' -dideoxycytidine and 3 • -thia-2 • , 3 • -dideoxycytidine 
were also traced. Cellular DMAs war* digested with Hind ZZZ 
that does net cleave within HBV genome, and subjected to 
Southern analysis using P^-labeled HBV DMA as a probe. The 
chromosomally integrated HBV DHA genome and the episomal DNA 
can be separated in the gel and can be differentially 
quantified. While episomal DNA decreased in a dose dependent 
manner as extracellular HBV DNAs, both the amount and the 
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restriction enzyme pattern of the chromosomally integrated 
HBV genome were unaltered (Pig. 2). 

Example 13: Comparative Cytotoxicity and Effect on 

Mitochondria ONA Content of Deoxycytidine 

Ann^ggg * 

EDjo s (concentration of compounds which caused a 50% 
reduction in cell density) are shown in Table 1. 
Mitochondria DNA content was measured by slot blot 
hybridization analysis. MtlDSOs (concentration of compounds 
which caused a 50% reduction in mitochondria DNA content) 
are also shown in Table 1. Both 5-f luoro-3 • -thia-2 • , 3- 
dideoxycytidine and 3'-thia 2' ,3 '-dideoxycytidine inhibited 
HBV replication at concentrations hundreds or thousands fold 
lower than concentrations which induced cytotoxicity in CEM 
cells. Moreover, at concentrations which caused cessation 
of HBV replication, no effect on mitochondria DNA synthesis 
was observed. This contrasts with ddC (a potent polymerase 
gamma inhibitor) which had a HBIDj 0 of 3.8 jim but a low 
MtlDj, at 0.022 MM. D4C had a lower value of MtID, 0 (2.0 mM) 
than HBIDjg (2.4 MM) . Thus, D4C would be expected to have a 
mitochondria effect before the ant i -HBV effect was achieved 
as the same phenomenon observed in treatment with ddC. 3'- 
FddC had a greater selective index than both ddC and D4C. 
However, the ED^ versus the MTID^ ratio is about the same 
as ddC, suggesting 3»-FddC is not the drug of choice either. 
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Tabla l: Conparativa Poeancias of Didaoxyeytidina 
Analoguaa as Honitorad by Anti-HBV, 
cytotoxicity and Hitochrondria DMA Eff oct 
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It eonnatntioa vtalch eaoMd a 30% rwteetioa la BBV replication 
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Exanpla 14: Ravarsibility o£ 5-f luoro-3 • -thia-2 • , 3- 
dtdaoxvevtidlna and 1 'thia-2 ■ 1 '-dldaewevtldina) 

To datarnina whathar tha antiviral affact vaa ravarsibla, 
2.2.15. calls that vara traatad with a 2.0 mM concantration of 
5-f luoro-3 • -thia-2 • , 3 -didaoxycytidina and 3 • -thia-2 • , 3 • - 
didaoxycytidina for 12 days vara incubatad for additional 6 or 
12 days in tha abaanca of tha compound. Aftar 6 days of 
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drug-free incubation, HBV ONA could again be identified 
extracollularly (Pig. 3), though not as much as those in 
control untreated cells. After 12 days of drug-free 
incubation, both extracellular (Pig. 3) and intracellular 
episoaal HBV ONAs (Pig. 2) bounced back. 

Example 15: Detection of HBV-specific RNAs in Both 

Control and Prua TVMtad 2.3. is Cm\\*. 

Northern blot analysis was performed to analyze HBV rna 
transcripts. Three major transcripts of approximately 3*5, 
2.5, and 2.1 Kb were detected in the total cellular RNA 
extract. The HBV specific transcripts were not affected at all 
by 2.0 mM 5-fluoro-3« -thia-2 ',3 '-dideoxycytidine and 3«-thia- 
2\3'-dideoxycytidine treatment (Pig. 4). 

Example 16: Comparative Potency of Pyrimidine 

3'-thia 2' ,3 '-dideoxynucleoside Analogs as 

Inhibitors at hhv m v< rrn 

Various analogs (Table 2) of 3 '-thia-2' ,3 •- 
dideoxycytidine were tested in 2.2.15 cells for ant i -HBV 
activity. At 1.0 mM, none of the 3«-thia 2 ',3'- 
dideoxyuridine analogs was active against HBV replication 
( Pig . 5 ) . Among the 3 • -thia 2 • , 3 • -dideoxycytidine analogs 
tested, both 3 • -thia-2 •, 3 • -dideoxycytidine (R,-H) and 5-fluore- 
3 '-thia-2 ',3 -dideoxycytidine (R,-P) had the most potent 
inhibitory effect on HBV replication. At 1.0 mM, 5-Br, 5-C1, 
and 5-CHj analogs are not active, whereas the 5-1 analog 
reduced the HBV production by at least 2 fold. 
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E&analfl 12 

Preparation of (-) 3 '-thia-2' , 3 • -dideoxycytidine 
rro J (± ) -3 ' -thia-2 j , 3 ' -didaoxycytidlna 

Sinca tha (-) 3 '-thia-2 ',3 '-didaoxycytidlna waa not 
available by chamical synthesis and tha (+) -3 • -thia-2 • , 3 « - 
didaoxycytidina and (-)3 • -thia-2' , 3 • -dideoxycytidine cannot be 
separatad by conventional methods, applicants developed a 
novel methodology to separata (-) 3 '-thia-2' ,3 '-didaoxycytidlna 
from <+)3' -thia-2', 3 • -dideoxycytidine by talcing the advantage 
of tha deoxycytidina (structure <1>) deaminase (from either 
bacteria or mammalian sources). (+)3'-Thia-2' ,3'- 
dideoxycytidine can be selectively deaminatad by dCd* 
(deoxycytidines deaminase) , based on HPLC retention time and 
UV spectrum and leave ( -)3' -thia-2' , 3 • -dideoxycytidine intact 
from (±) 3 ' -thia-2 ' , 3 • -dideoxycytidine mixture. The reaction 
mixture which contains <+) -3 '-thia-2 ',3 '-dideoxycytidine 
(retention time 8.46 minutes, UV„ 260 nm) and (-)3'-thia- 
2 ',3 '-dideoxycytidine (retention time 7.05 minutes, UV., 270 
nm, can than ba separatad by HPLC (Pig. 6A and Pig. 6B, using 
100 mM NILAc to achieve better separation) . A control reaction 
which has only (+) 3 '-thia-2' ,3 .-dideoxycytidine proved that 
(+) 3 '-thia-2 ',3 '-dideoxycytidine is the substrate of CdR 
deaminase and can ba almost 100% deaminatad (Pig. 7A and Pig. 
7B ) . (±)3'-Thia-2',3'-dideoxycytidine can ba deaminatad only 
up to approximately 50%; no further deamination has been 
obaerved. After HPLC separation, (-)3 '-Thia-2 \ 3'- 
dideoxycytidine was resubjected to deaminase and showed no 
sign of deamination at all (Figs. 8A and 8B) . o-3'-Thia- 
2',3'-dideoxycytid-.e uas a different retention time from 
(+) 3 '-thia-2 ',3 '-dideoxycytidine on HPLC (d-3 '-thia-2 • ,3'- 
didaoxycytidine has a retention time of approximately 6.9 
minutes compared with (+) 3 '-thia-2' , 3 • -didaoxycytidine which 
has a retention time of approximately 8.3 minutes using no 



W0 92/18S17 



PCT/US92/03144 



-50- 

salt solvent system under the same condition as the one used 
in the case of (+)3 l -thia-2 , # 3 f -dideoxycytidine and (-)3 f - 
thia-2 f ,3 f -dideoxycytidine) . However , no deamination occurred 
(Fig. 9A and Fig. 7B) under the same condition that 
(+)3'-thia-2',3'-dideoxycytidine was completely deaminated. 

A similar pattern of deamination of (±) 5-f luoro-3 1 -thia- 
2 • , 3 • -dideoxycytidine was also observed and the product, 
(+)5-fluoro-3 , -thia-2 , # 3 l -dideoxyuridine and (-)5-fluoro-3'- 
thia-2 1 , 3 1 -dideoxycytidine was confirmed using the chemically 
synthesized 5-f luoro-3 • -thia-2 • , 3 1 -dideoxyuridine as a 
standard. 

Example 18; Assay ganaifcian fHPLC Analysis) 

The reaction mixture contained 25 mM Tria-HCl, pR 8.0, 
0.1 mM of 3 f -thia-2 1 , 3 1 -dideoxycytidine and 0.2 unit of human 
cytidine deaminase (unit definition - the amount of enzyme 
which converts 1 n mole of cytidine to uridine per minute at 
37 *C) in a total volume of 50 pi. After each time point, 100 
Ml of acetonitrile were added to the reaction mixture and 
agitated. The precipitated proteins were removed by 
centrifugation, and the supernatant was lyophilized to 
dryness. The samples were reconstituted with 200 Ml of HPLC 
mobile phase buffer and analyzed on an All tech RP-18 column. 
3 , -Thia-2 , ,3 l -dideoxycytidine and SddU were detected at a UV 
absorption wavelength of 270 nm. The mobile phase was 10% 
acetonitrlle/water unless specified otherwise, and the flow 
rate was 0.8 ml/minutes. 

Evanpla 19s In Vitro Assay for Antiviral Activity 

The 2.2.15 cells (clonal cells derived from Hep G2 cells 
that were transf acted with a plasmid containing HBV DNA) that 
secrate hepatitis B virions were used. The 2.2.15 cells were 
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maintained in minimal essential medium (MEM) supplemented with 
10% fetal bovine serum. Cells were incubated at 37'C in a 
moist atmosphere containing 5% CO, in air. The 2.2.15 cells 
ver. inoculated at a density of 3 X 10» cell./ 5 «1 in 25 
flask. The compounds studied were added to the medium three 
days after inoculation. Cells were grown in the presence of 
drugs for 12 days with changes of medium every three days. 
After incubation, the medium was centrifuged (10 minutes, 
2,000 X g) and polyethylene glycol (M r 8,000) was added to the 
supernatant to a final concentration of 10% (wt/vol.) The 
virus was pelleted (10 minutes 10,000 X g) . The pellet was 
resuspended at l/100th the original volume in THE buffer (10 
mM Tris P H 7.5, 100 mM MaCl, 1 mM EOTA) . The suspension was 
adjusted to 1% SDS and 0.5 mg/ml proteinase K and incubated 
for 2 hours at 55 -C. The digest was extracted with phenol- 
chloroform and the DNA was precipitated with ethanol. The DMA 
pellet was dissolved in TE* (10 mM Tris HCl pH 8.0, 1 mM EOTA) 
and then electrophorsed in a 0.8% agarose gel followed by 
blotting onto Hybond-N membrane (Amersham, Arlington, 
Illinois) . The filter was hybridized with 

"P-Iabeled HBV DNA (Bam HI insert from plasmid Pam6 (American 
Type culture Collection, Rockville, Maryland) probe, washed 
with 2 X SSC containing 0.2% SDS at room temperature for 1 
hour, 0.1 X SSC containing 0.2% SDS at 55C for 1/2 hour and 
then autoradiography. The intensity of the autoradiographic 
band. wa. quantitated by a scanning densitometer. The amount 
of HBV-specif ic DHAs wa. similar in separate experiment, 
performed in duplicate. HBIDjo wa. defined a. the drug 
concentration that inhibited HBV viral DHA yield in the medium 
by 50%. The value, were obtained by plotting percentage 
inhibition compared with control versus the drug 
concentration . 
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fvanpla 20: 

Comparative Potency of (+) 3' -thia-2', 3 '-dideoxycytidine, 
(-) 3 '-thia-2 ',3 '-dideoxycytidine and (±) 3 '-thia-2', 3'- 
dideoxycytidine as Inhibitors of HBV In Vitro 



The 2.2.15 cell line was used to evaluate the antiviral 
activities of (+) 3 '-thia-2 ',3' -dideoxycytidine, (-)3'-thia- 
2 ',3 '-dideoxycytidine and (±) 3 '-thia-2 • ,3 '-didecxycytidine. 
The antiviral effects were measured by analysis of 
extracellular HBV DNA (Fig. 12) . The experiment revealed that 
the amount of extracellular HBV DNA decreased in a dose 
dependent manner. At a concentration of 0.5 im (±)3'-thia- 
2 • , 3 • -dideoxycytidine completely inhibited the replication of 
HBV, whereas there was approximately only 50% inhibition by 
(+) 3 '-thia-2', 3 •-dideoxycytidine. The HBID^ of (-)3'-thia- 
2 • , 3 « -dideoxycytidine was estimated to be 0.02 Mm which is 
significantly lower than that of (±) 3 '-thia-2 • ,3'- 
dideoxycytidine (HBID^ - 0.1 Mm). 

Siama °* Biological Activity 

The anti-HBV effect of each of the two racemic 3'-thia- 
2' ,3 '-dideoxycytidine was examined as described above. The 
ID, 0 of (+) 3 '-thia-2 ',3' -dideoxycytidine, (±) 3 '-thia-2 • ,3'- 
dideoxycytidine and (-) 3 '-thia-2 ',3 '-dideoxycytidine are 
approximately > 0.5 Mm, 0.1 Mm and 0.02 nm, respectively, 
which indicates that (-) 3 '-thia-2' ,3 '-dideoxycytidine is the 
primary form responsible for the anti-HBV effect observed for 
(±) 3 '-thia-2 ',3 '-dideoxycytidine. Furthermore, the (+)-form 
may even interfere with the (-)- form based on the observation 
that the (-)- form is approximately 5 fold more active than 
the (±) form of 3 • -thia-2 ', 3 • -dideoxycytidine at the same dose 
(if there is no interference, it should be only 2-fold) . A 
similar observation was also made for 5-f luoro-3 • -thia-2 ', 3 • - 
dideoxycytidine . 
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CEM were seeded at 3.5 x 10 4 cells per ml onto Corning 6- 
well dishes at 5 ml per well in WW 1«40 ♦ »% dialixed FBS ♦ 
kanamycin at 100 mg/ml. 

Two wells were treated for each of the following 

i 

conditions: 

3, 10, 30, 100 mb ♦ SddC 
3, 10, 30, 100 M» * SddC. 

Six wells were seeded as controls. These wells were 
untreated. 

Cell number was determined on days 2, 4 and 6 after 
seeding. The cells were pipetted to break clumps, and then 1 
ml was removed from each well and diluted into 9 ml saline. 
The saline + cells were pipetted well to break clumps and 
counted via a coutler counter. 

To determine ID* cell number was plotted versus days in 
culture. (+) 3 • -thia-2 • , 3 • -dideoxycytidine was seen to be very 
toxic to the cells with an XDjg of 1.26 Mm. <±) 3 '-thia-2 ',3'- 
dideoxycytidine was less toxic with an ID* of 7.2 Mm. 

The cytotoxicity studies using CEM cells and dialyzed 
serum showed that <*) 3 '-thia-2', 3 '-dideoxycytidine is more 
toxic C20L.S 1.3 Mm) than <±) 3 '-thia-2- ,3 '-dideoxycytidine 
(ID,,: 7.2 Mm) suggesting that the (-)-form is less toxic than 
(+) -form and the t-> -iorm. 
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Examplea 22-2$ 

The nunbers in parentheses in Examples 22-26 refer to the 
compound numbers in Scheme 1. 

Example 22s 

r.l-l.6-Anhvdro-fl-L-qulopvranoae m 

A mixture of (2) (33 g, 0.127 mol) and 0.5 N HC1 (330 mL, 
0.165 mol) was refluxed for 20 hours and the mixture was 
cooled and neutralized to pH 6 by a resin (Dowex-2, HC0 3 -form) 
with air bubbling. The resin was recycled by washing with 10% 
HC1, water, methanol, water and saturatsd NaHCO, solution. 
The reaction mixture was filtered and the resin was washed 
with water (500 mL) . The combined filtrate was concentrated 
to dryness and dried in vacuo overnight. The residue was 
purified over a column (5 cm depth, silica gel, mesh, CHC1 S - 
MeOH, 10:1) to give a slightly yellow solid, which was 
recrystallized from absolute alcohol to give a colorless solid 
(3) [R f - 0.43 (CHClj-MeOH, 5:1), 7. 3g, 35.52%]. The L-gulose 
(Rf-0.07, llg) obtained was recycled to give (3) (5g, total 
yield 60%) :mp 142. 5-145 'C; 1 H NMR(DMSO-d 4 ) S 3.22-3.68(m, 4H, 
H-2, -3, -4 and -6a), 3.83 (d,^ ^- 7.25 Hz, 1H, H^-6) , 4.22 
(pseudo t, J 9>te « 4.61 and 4.18 Hz, H, H-5) , 4.46 (d, Jj.^ 2 -6.59 
Hz, 1H, 2-OH, exchangeable with D 2 0) , 4.62 (d, J S . MJ - 5.28 Hz, 
1 H, '3-OH, exchangeable with D 2 0) , 5.07 (d, J 4 . w 4 -4.84 Hz, IB, 
4-OH, exchangeable with D 2 0) , 5.20 (d, J 1#2 -2.19 Hz, 1H, fi- 
ll . £a] 0 a -50. 011 (C, 1.61, MeOH) . 
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FxniroU 23 : 

f ^ ,p »s , 2S -i-rt. ?.n<hvdr Q «vethvl-i . 2-Q-TflOBrQPvl Idenc) -2- 

To a solution of (3) (11.3 g, 0.07 sol) in methanol (350 
mL) was added dropvisa a solution of NaJ0 4 (22.36 g, 0.1 mol) 
in watar (300 mL) for 10 minutaa at 0 # C and tha mixtura was 
stirrad mechanically for 15 minutaa. NaBH 4 (7.91 g, 0.21 mol) 
was addad to this mixtura and tha reaction mixtura was stirrad 
for 10 minutas at O'C. Tha white solid was filtered off and 
the solid was washed with methanol (300 mL) . The combined 
filtrate was neutralized by 0.5 H HC1 ("200 mL) and 
concentrated to dryness. The residue was dried In Xfl£Ufi 
overnight. The syrupy residue was triturated with methanol- 
acatone (1:5, 1200 mL) using a mechanical stirrer (5 hours) 
and the white solid (1st.) was filtered off. The filtrate was 
concentrated to dryness and the residue was dissolved in 
acetone (500 mL) and followed by p-TsOH (6.63 g, 0.035 mol). 
After stirring for 6 hours, the mixture was neutralized by EtjN 
and the solid (2nd.) was filtered off and the filtrate was 
concentrated to dryness. The residue was dissolved in ethyl 
acetate (350 mL) and washed with water (500 mL X 2) , dried 
(MgS0 4 ), filtered, evaporated to give crude (5) (3.6 g) as a 
yellowish syrup. The water layer was concentrated to dryness 
and dried In vacuo . The solid obtained (1st and 2nd) was 
combined with the dried water layer and recycled using 10% 
methanol-acetone (900 mL) , p-TsOH (16 g, 0.084 mol) by 1 hour 
stirring to yield crude (5)(5.6g). The crude product obtained 
was purified by a dry column over silica gel (MeOH-CHClj, 1%- 
5%) to give (5HR,- 0.82(CHCl 3 -MeOH, 10:1), 8.8 g, 61.84%] as a 
colorless oil. 1 H NMR(DMSO-d 6 ) 6 1.26 and 1.32 (2 X s, 2 X 3 H, 
isopropylidene) , 3.41 (dd, Job*,* - 6.04 Hz, ^ a am.t u3 ' 9€ **' 
2H, CfijOH), 3.56-4. 16(m, 6H, H-4, -5, -1» and -2«), 4.82 (t, 
j waa - 6.0 Hz, 1 H, CHjOH, exchangeable with DjO) , 4.85 (t, 
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J »H,ciaai " 3 - 96 Hz ' 1H ' H-2).[a] 0 a -12.48 (c, 1.11, CHC1,) , Anal, 
Cal'cd for C^H w O,:C,52.93; H,7.90. Found: C, 52. 95; H,7.86. 

FlXflBPlg 24: 

f4.\Wl«S.3S.4Sl-4-fl. 2-Plhvdro*VT»efch vl-l , 2-O-TanproPvl IdaDfiJ « 
1 Q-b«nzovlaxvnethvl 1 -dlovolane <«l 

To a solution of (S) (8.5 g, 0.042 sol) in pyridine-CHjClj 
(1:2, 120 mL) was addad dropwise benzoyl chloride (6.5 mL, 
0.056 nol) at 0*C and tha tanparatura was raisad to room 
temparatura. Aftar stirring for 2 hours, tha raaction was 
guanehad with methanol (10 mL) and tha mixtura was, 
concantratad to dryness In vacuo . Tha rasidua was dissolvad 
in CHjCl, (300 mL) and washad with watar (100 mL X 2) , brina, 
driad (MgSO A ) , f iltarad, evaporated to give a yellowish syrup, 
which was purified by silica gel column chromatography (EtOAc- 
Hx, 4% -30%) to yield (6) [R f - 0.45 (Hx-EtOAc, 3:1), 10.7 g, 
83.4%] as a colorless oil. 1H NMR (CDC1 S ) 6 1.35 and 1.44 (2 X 
s, 2 X 3H, isopropylidene) 3.3-4.35 (m 6B, H-4, -5, -1» and - 
2'), 4.44 (d, J-3.96 HZ, 2H, CHj-OBZ) , 5.29 (t, J-3.74 Hz, 
lH,H-2), 7.3-7.64, 8.02-8.18 (m, 3H, 2H, 
-OBz) .[a] 0 °+10.73(c,1.75,MeOH) . Anal. Calcd for 
C u H 20 O 4 :C,62.33;B,6.54. Found: C,62.39; H, 6.54. 

Eaaaaii 28 

t+\ - 1\ ' S . 2S . 481 -4- 1 1 . 2-Plhvdro w*thvl \ -9- f Q-p«ngovloxvmethvH - 

fllflsfliini m 

.The mixture of (6) (5.7 g. 0.018 mol) and p-TsQH (1.05 g. 
0.0055 mol) in methanol (70 mL) was stirred at room 
temperature for 2 hours. But the reaction was not completed, 
so the solvent was evaporated to half volume and were added 
methanol (50 mL) and p-TsOH (0.7 g, 3.68 mmol) . After 
stirring for one more hour, the reaction mixture was 
nautralizad by EtjN and tha solvent was evaporated to drynass. 
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The residue was purified by silica gel column chromatography 
(Hx-EtOAC, 10%-33%) to give (7) [11,-0. 15 (HX-EtOAc, 111), 4.92 
g, 99.2%] as a colorless syrup 'H NMR (DMSO-d,) S 3.43 (m, 2H f 
H-2'), 3.67-4.1 (m, 4H, H-4, -5 and -1«), 4.32 (d, J- 3.73 H2, 
2H, CHj-OBz), 4.60 (t, J-5.72 Hz, 2--OH, exchangeable with DjO) , 
5.23 (t, J- 3.96 HX, 1H, H-2) , 7.45-7.7,7.93-8.04 (m, 3H, 
2H, -OBz), [c] D B ♦ 9.16 (Cl.01, CHClj). Anal. Calcd for 
C 13 H 14 O d :C, 58.20; H,6.01. Found: C,58.02; H.6.04. 

Example 26: 

dlgjtaianfl LU 

To a solution of (7) (3.04 g, 0.011 nol) in CCl.-CKjCW 
(1:1, 160 aL) was added a solution of NaI0 4 (10.18 g, 0.048 
moi)'in water (120 mL) and then Ru0 2 -hydrate (0.02g). After 
the reaction mixture was stirred for 5 hours, the solid was 
removed by filtration over Celite and the filtrate was 
evaporated to 1/3 volume. The residue was dissolved in 
CHjCljdOO mL) and the water layer was extracted with CKjCl 2 
(100 mL X 2). The combined organic layer was washed with 
brine (50 mL) , dried (MgSO A ) , filtered, evaporated to dryness 
and dried In YJfittfl 16 hours to give crude (8) (2.6 g, 
91%) . 

To a solution of crude (8) (2.6 , 0.01 mol) in dry THF 
(60 mL) were added Pb(OAc) 4 (5.48 g, 0.0124 mol) and pyridine 
(0.83 mL, 0.0103 mol) under N 2 atmosphere. The mixture was 
stirred for 45 minutes under H 2 and the solid was removed by 
filtration. The solid was washed with ethyl acetate (60 mL) 
and the combined organic layer was evaporated to dryness. The 
residue was purified by silica gel column chromatography (Hx- 
EtOAc, 2:1) to yield (9) [R, - 0.73 and 0.79 (Hx-EtOAc, 2:1), 
1 9 g, 69.34%) as a colorless oil. 'H NMR (CDC1 S ) 6 1.998, 
2.11 (2X S, 3H, -OAC), 3.93-4.33 (m, 2H, H-5) , 4.43, 4.48 (2 X 
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d, J- 3.73, 3.74 HZ, 2H, CHjOBZ) , 5.46, 5.55 (2 X t, J- 4.18, 
3.63 HZ, 1H, H-2), 6.42 (a, 1H, H-4) , 7.33-7.59, 8.00-8.15 (m, 
3H, 2H, -OBz).[o] 0 »-12.53 (c, 1.11, CHC1,) . Anal. Calcd for 
c « h h°« ? c ' 38.64; H, 5.30. Found: C, 58.78; H, 5.34. 

BttBBlM 27-29 

Tha numbars In paranthaaaa in Examplaa 27-29 rafar to 

compound numbara in Schama 2. 
BttlBli 27: 

f -> - 1 7S . 4S1 -l- r 2- ( b «m»ovi ^l-i-^l oxolan-4-vl 1 cvtosina 12 \ . ( +1 - 
/ ?S . 4B1 -1 - r 2- f banzvloxvl -1 , < oxolan-4-vl^ evtcaalna 131 

A mixtura of N*-acatylcytoaina (1.24 g, 7.52 mmol) in dry 
dichloroathana (20 mL) , haxamathyldiailazana (15 mL) , and 
ammonium aulfata (cat. amount) waa rafluxad for 4 houra undar a 
nitrogan atmoaphara. Tha raaulting claar aolution waa coolad 
to room tamparatura. To this ailylatad acatylcytoaina a 
solution of (1) (1.0 g, 3.76 mmol) in dry dichloroathana (10 
mL) and TMSOTf (1.46 mL 7.55 mmol) vara addad and stirrad for 
6 houra, than aaturatad NaHCOj (10 mL) waa addad and stirrad 
for anothar 15 minutaa and filtarad through a Calita pad. Tha 
f iltrata waa avaporatad and tha solid waa diaaolvad in EtOAc 
and waahad with watar and brina, driad, filtarad and 
avaporatad to giva tha cruda product. Thia cruda product waa 
purifiad on a ailica column (5% MaOH/CBCl,) to yiald a pura o,fi 
mixtura of (2) and (3) (0.40 g, 30%) and tha a, 6 mixtura of 
(4) and (5) (0.48 g, 40%) . Tha mixtura of (4) and (5) waa 
raacatylatad for aaparation, tha combinad o, A mixtura waa 
saparatad by a long ailica column (3% MaOH/CHClj) to yiald (2) 
(0.414g, 30.7%) and <3) (0.481 g, 35.6%) aa foama. Thaaa 
foams wara trituratad with MeOH to obtain whita solida. 2 s UV 
(MaOH) . X max 298 ran; Anal. (C 17 H 17 N 3 0 8 ) C, H, N. 3x UV (MaOH) 
X max 298 na. 
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A solution of (2) (0.29g, 0.827) in MoOByHH, (50 mL, 
saturated at 0*C) was stirrad at room taaparatura for 
10 hour*. Tha aolvant waa avaporatad and tha eruda waa 
purifiad on praparativa silica plataa- (20% MaOH/CHCl,) to giva 
an oil. This waa crystallisad from CHjClj/haxana to giva (4) 
(0.136 g, 77.7%) as a whita solid. UV X max 278.0 na (f 
11967) (pH 2), 270.0 na (« 774) (pH 7) , 269.0 na («8379) (pH 
11); Anal. (CjH^NjOJC,!!,!!. 

Exaaplt 29: 

f +\ . . -i - r ■ 3-di 0 xoian-4-vl ) cvtoaint (7) 

A aolution of (2) (0.35 g, 0.991) in MaOH/HH, (50 aL) , 
saturated at 0*C was stirrad at rooa taaparatura for 10 hours. 
Tha aolvant was avaporatad and tha eruda was purifiad on 
praparativa ailiea platas (20% MaOH/CHCl,) to giva an oil. 
This was crystallixad froa CHjClj/haxana to giva (7) (0.135 g, 
64.3%) aa a whita solid. OV X max 278.0 na (« 13241) pH 2), 
270.0 na (« 13241) (pH 2), 270.0 na (« 8780) (pH 7) , 269.0 na 
(e 9071) (pH U); Anal.fC^lijOjc, H, H. 

EXUBlUfli 

Bamlta n1^1PT^~ >, hiUm 

Compounds - OddC and - SddC wara taatad following tha saaa 
procadura aa in Exaapla 20 using tha 2.2.15 c-*ll lina. 
Compound RBVXOjg Toxicity (Anti CBM call XD») 

C-°J* C ) <0.001mM > 5mM 

. c 

^ t) J^Z^ c-u*t) 0<01mM . 50m m 
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As can be seen the therapeutic index for -OddC should be 
equal or better than -SddC, in fact, from an econoaical point 
of view, -OddC may be even more valuable than -SddC due to its 
low 10,0 (anti HBV) • 
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It will be appreciated that the instant specification is 
set forth by way of illustration, and that various 
modifications and changes «ay be Bade without departing froa 
the spirit and scope of the present invention. 



WO 92/18510 ^ PCT/US92/03144 



-64- 



What Zs Claiaad Zs: 

1. (-ja'-Thia-ISa'-dideoxycytidin* of tha following 
formula: 




2. (-) 5-Fluoro-3 '-thia-2 • , 3 ' -did«oxycyt idina of tha 
following formula: 
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3. A method of treating a patient suffering from 
hepatiti. B virus or preventing hepatitis B virus infection 
comprising administering to said patient an effective amount 
of an active compound selected from the group consisting of 
(a) a compound havina the formula (1) 




(I) 



wherein R is H or 7, and (b) B-dioxolane-cytosine, or a salt 
of said active compound or an ester of said active compound, 
either alone or in admixture within a diluent. 

4 The method of claim 3, wherein said active compound 
is the' compound of formula (X) and is in admixture with a 
compound of the following formula (X"): 



HG— ? 




(I") 



« 
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vharain R is H or F, or a salt or estar tharaof aithar alona 
or in adnixtura with a diluent. 

5. Tha mathod of elaia 4, vhorain R is H. 

6. Tha mathod of claim 4, vharain R is F. 

7. Tha mathod of claim 3, vharain tha activa compound 
is (-)3'-thia-2',3'-dideoxycytidine of tha formula 



8. Tha mathod of claim 3, vharain tha activa compound 
is (-) 5-f luoro-3 • -thia-2 • , 3 ' -did«oxycytidina of tha formula 



9. Tha mathod of claim 3, vharain tha activa compound is 
.( -) L-fl-dioxolana-cytosina . 
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10. The method of claim 3, wherein an ester of said 
active compound is administered. 

11. The method of claim 7, wherein an ester of said 
active compound is administered. 

12. The method of claim 8, wherein an ester of said 
active, compound is administered. 

13 The method of claim 3, wherein said active compound 
is administered in a dose of 1 to 100 »g/*g of body weight per 
day and said patient is a human. 

14 The method of claim 3, wherein said active compound 
of formula is administered in a dose of 2 to 50 »g/lcg of body 
weight per day and said patient is a humant. 

15. The method of claim 3, wherein said active compound 
is administered in a dose of 2 to 10 mg/k* of body weight per 
day and said patient is a human. 

16. The method of claim 7, wherein said activ * co *P ound 
is administered in a dose of 1 to 100 mg/K* of body weight per 
day and said patient is a human. 

17. The method of claim 7, wherein said active compound 
i. administered in a dose of 2 to 50 mg/Kg of body weight par 
day and said patient is a human. 

18. The method of claim 7, wherein said activ. compound 
i, administered in a dose of 2 to 10 mg/kg of body weight per 
day and said patient is a human. 
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19. The method of claim 8, wherein said active compound 
is administered in a dose of 1 to 100 mg/kg of body weight per 
day and said patient is a human. 

20. The method of claia 8, wherein said active compound 
is adainistered in a dose of 2 to 50 mg/kg of body weight per 
day and said patient is a human. 



21. The method of claia 8, wherein said active coapound 
is administered in a dose of 2 to 10 mg/kg of body weight per 
day and said patient is a human. 

22. Th. method of claia 4, wherein said coapound of 
formula (I") is administarad in a dose> of 1 to 100 mg/kg of 
body vaight par day and said patiant is a human. 

23. Tha nathod of claim 4, vharain said compound of 
formula (Z M ) is administarad in a dosa of 2 to SO mg/kg of 
body vaight par day and said patiant is a human. 

24. Tha m.thod of claim 4, vharain aaid compound of 
formula (I") is administarad in a dosa of 2 to 10 mg/kg of 
body vaight par day and said patiant is a human. 

25. Tha aathod of claim 3, vharain aaid activa compound 
is administarad in combination with an anti-viral af factiva 
amount of adanina arabinoaido or intarfaron a. 

26. A aathod for praparing (-)3'-thia-2 • ,3 •- 
didaoxycytidina according to claia 1 comprising contacting 

(±) 3' -thia-2», 3' -didaoxycytidina with deoxycytidine daaminasa, 
sub j acting tha rasultant mixture to column chromatography and 
separating out said (-) 3 '-thia-2» ,3* -didaoxycytidina. 
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27. Tha mathod of claia 24, vharain tha column 
chromatography is HPLC. 

28. A mathod for praparing {-) 5-f luoro-3 • -thia-2 ■ ,3 '- 
didaoxycytidina according to claia 2 comprising contacting 
(±) 5-f luoro-3' -thia-2' ,3' -didaoxycytidina with dooxycytidina 
daaminasa, aubj acting tha rasultant mixtura to column 
chromatography and saparating out aaid (-) 5-f luoro-3 '-thia- 
2 • , 3 ' -didaoxycytidina . 

29. Tha aathod of claim 26, vharain tha column 
chromatography is HPLC. 

30. Tha mathod of claim 28, vharain said contacting is 
carriad out at a tamparatura of 37*C for 16 hours. 



31. Tha mathod of claim 29, vharain aaid contacting is 
carriad out at a tamparatura of 37 *C for 16 hours. 

32. (±)fi-Dioxolana-cytoaina. 

33. (-)-L-fl-Dioxolana-cytosina. 

34. A compound of tha formula 



vharain B 8 is a banzoyl group and A e is an acatyl group. 

35. A mathod of producing an L-isomar of a dioxolana 
nuclaosids analog comprising 
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(a) contacting L-gulose with an acid, 

(b) oxidizing and then reducing the product from step (a) 
without selective protective to form a dioxolane triol having 
two adjacent hydroxy 1 groups, 

(c) contacting the dioxolane triol from step (b) with 
protecting groups to selectively protect the two adjacent 
hydroxy 1 groups to form an isopropylidene compound, 

(d) contacting the isopropylidene compound from step (c) 
with a benzoylating group and then conducting hydrolysis, 

(e) oxidizing the product from step (d) , 

(f) subjecting the product from step (e) to an oxidative 
decarboxylation to form an acetate, 

(g) contacting the product (f ) with a silylated base and 

(h) conducting debenzoylation on the product from 
step (g). 

36. The method of claim 35, wherein in step (a), L- 
glucose is contacted with HC1 at a temperature of 100 # C; in 
step (b) , the oxidation is carried out with NaX0 4 and the 
reduction is carried out with NaBH<; in step (c) the protecting 
group is provided by p-toluene sulfonyl; in step (d) , the 
benzoylating group is provided by benzoylchloride and the 
hydrolysis is carried out with sulfonyl p-toluene; in step (e) 
the oxidation is carried out with NaZ0 4 and Ru0 2 ; in step (f), 
the oxidative decarboxylation is carried out with Pb(0Ac) 4 and 
in step (g) the silylated base is trimethylailyltriflate. 
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